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下 UURVE NRTURE OF PRRTICLES RND 
THE SCHROPDINGER ceURTION 


INTRODUCTION TO QUANTUM MECHANICS，WAVE NATURE 
OF PARTICLES 


@.7. Tire cowz ipe jistory Peirza tiPe 9rarztfzerz 疡 Prysics- 

如 rzs- With the discovery of an electron as a fundamental particle by JJ 
Thomson in 1897. most of the studies in physics concentrated to explore 
microscopic or atomic Systems which are beyond rthe scope of direct 
observations. Many difficulties were encountered with Phenomena which are 
spectral distribution of heat radiations from black bodies. specific beats of solids 
at Jow temperature etc- 

These difficulties were overcome by Planck in year 1900 who suggested 
that the black body radiation takes Place as discrete quanta and the energy 
equivalent of cach guantum- 

王 = hv 

The quantum concepPt was also used by Einstein to explain the observed 
Photoelectric effect- Thus a dual character of electromagnetic radiation that if 
behaves as waves and Particles became evident. 

CC.2. Heart co yorx rrzcderstarac BY ParzcK's grarztzezzz ypotpesig 2 

4rs.A Oerman Physicist MIax Planck developed a theory that correctly predicted 
the frequcncy distriburion ofthermal radiation. Planck's theory wasaradical departure 
from the classical concePts. He Postulated the following assumptons in his theory- 

() The atomic oscillators in a body cannot have any arbitrary amount 
of energy. They could have only discrete units of energy given by 
En。 = nhv -..(i) 

Where n is any Positive intesger (n = 1. 2. 3....) called gzreezzztrtrzz 7zetz7zPer V is 
the frequency of osciljation. and h is a constant now known as Planck's constant 

| (ii) The atomic oscillators cannot absorb or radiatc energy of any 

arbitrary amount. They absorb or radiate encrgy in indivisible discrete units. 

The amount of radiant energy in each unit is cajlled a 9grearztrerz7z Of cnergy- 

| Each quantum carries an energy， 

下 = hv ---(ii) 
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OO Whor do von nndvrwtand hy he dal narwrr Or matfer ?7 
1KR.0. 瑚 业 ，1)ec. 2008 
morena 0f 1ipht such as interferencec. 中 ffraction 23n( 


Polan7zabon could he cxplancd hy wave theory oflipght Bul wave thecory fallecd 
io cxplaan he ( 


Theve Phecne 


几 mE Some phe 


f 


iceffect photoclectnc cffect cmission and absorptom 
mmena cujld he cxplaincd by duantum theory of lght 

According IO quantum theory the cnergy of light is formed into sma 直 
IEEIORY MT Posccty nown ah Photon Tios photon is an cnergy pariclec. Hence 


Hghi Showy hoth the wave nature as well ax panicle nature. This nature of 
Hg ES known ay dual nafure or 1 雁 拉 


化 Wjhar 5 de-Broglic jypothesis ? (R.G. 己 V，Feb. 2005,， 201O) 
Or 


Discuss the comcepl of de-Bropglie matier waves.(R.G.PVY,， June 2015) 1 


AS 1n 1924.1000 de-Broplie ive the idea that mattershould also posses 
dual nature According to Louis de-Broplie a moving matter particle is 
SUToUnded hy a wavc whowe wavelenjths depend upon the mass of the part icle 
and 1 vclocMy These waves asociated with the mater particles are known 
让 RENCT MONCS Of de-Hroplir wawes. The wavelength of the panticle can be 
和 nd through the folljowing relation - 

入 = hp 
whberc h 15 the Planck' ys constant and pis the momentum of particle. The valuc 
of Planpck constaint is 60.603 x 10 4 Jsec. 
了 he de-Broglic concept of matter waves was based on the following facts 一 
(Mattcr and Nipht both are forms of energy and each of them can 
be umansformed into the other 


10) Both arc governed by the space time symmetries of the theory of 
relativity- 
-人 5. Deriwre an expressionm Jor the de-Brogiie wayvelengt 1 
(RG.PY，Feb 2005) 
415. Considering the Planck's theory of radiation. the energy of a photon 
(quanturmy) is given by 
3 = hy = hc 人 (这 
where c is the velocity of light in vacuum and 入 is is wavelength.。 
According to Einstein enerRgy mass relation 
sn (ij 
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让 
和 
王 = 到 加 一 
2_m 
Pp2> = 2mE 
P = v2mE 
Substituting the valuc of P in cquation (ivVJ we Be 
dec-Broglic wavcelecngRth. hh 
久 = 一 一 一 - 《= 和 
V2mE 
According to kinetic thecory of gasces. the avVeragec Kinetc ceerz 贡 Paraice 
is given by 3 
正 = 了 K 耳 


whecre. K = Boltzmann's constant = 1.38 x 10- 王 J 度 
Putting thc valuc of E in cquation (vi) 
h 
\、3mKT 
CO. Tie don imne properties or mazatter mares- 
7173S-。 Niatter wave Possesses folljowing Properties 一 
(i) Lighter is the paurticle、greater is thec waveciength soeciapcd waeh 这 
(01) The velocity of matter wave is Sreatecr than thec vcjocxtrvy of 后 
(ii) Smaller is the velocity of the parecjc、Sreascr 习 the wa 
associated with it 
(iv) Matter waves are Senerated only when the emascrial pearacjcs am 


in motion- 
(vV) The velocity of matter waves depends upPeoen the vciocisy of 
material particle- 
(vi) De-Broglie's waves are notg electroenaSnpeeic wavecs- 
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CT Expizsr i Gescl 卫 ce expPerimsemi wjic estapiisies ie relatiormsjip 
Eeereem Peemecztarmm CRE werelens 居 of Ga moryins Particie- 


IR.G.P 员 .Jaame 2008 (Nj1 


Dexcrize ce Derissom-Germser erperimenmL 站 ow doer .1 comirm the 
CTZis2emecz Of PCeT opGresS ? (.GPL Fep. 2070. farcj4Pril 2010) 

汪 mS FE ce of matter wave was Siven by ihe 
PE 2 Q Gesmer in 1927- 
wm in 丘 E. 1.1. The apparatus consists 
are prcduced and obiained in a fine 
ccity. Tbe electron SU consists of 3 
so ihai electrons are emitted due to 
are accelerated in the electric field of 
= electrons are collimated by suitable 


Giffereai 


s COnnected 1 
2 Sajvanporpeter. 下 1B- 了 了 
上 Faraday cylinder can TOve on 3 circular Sraduated scale S between 
207 io 90?7 io receive the reflected electrons. The Faraday cylinder consists 
of two wzjjs wbich sre insulated from each other 和 A retarding potential is 
Tazinizincd bctween :hem so that only fast moving electrons coming from 
_ ectron Sun may center inside it. The secondary electrons produced by 
iision with atoms from nickel target are reflected by Faraday cylinder In 
53 Way the Salvanormeter deflection js only due to electrons coming from 
IceTOD Sun. 
了 JTJhe Faraday cylinder was moved on the circular scale and for a given 
>jerating Voltage W. the Scattering curve showed a peak in a particular 
firecton 9. With the electuon beam incident perpendicularto the crystal surface， 
ne Pronounced scaltering direction was found to be 50? forelectron accelerated 
iD9 54 volts. Under these conditions. the Surface rows of atoms act like the 


矶 
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of a diffraction SratinE. Prodocing the first order spe 


ft 日 = S0” This is iostrated in 


要 要 
二 
、 38” SS 68- 3936” 
个 二 
fa 尼 ) 
F2B- 7-2 
sl 


你 友 HTearts Corzprtorz erFecr ?2 天 xpPpicrirrirzs IPe CorrzPrtom S 瑚 访 exzPpressiom 
Esczess mpejrariors PossiPiFirries ao 夏 瑟 -ray scatrerirzS- 
(R.CGC. 己 愉 .、 Sepr 2009. ezmre 2072) 
Or 


Brairz 1z exPressiom or 呈 e SF 万 


War is Cormzprom errecr ? 
(RERCGC. 忆 frrre 2009. 2073) 


WiGPelerzStP ao 太 大 -ray 万 eazzz- 
Or 


WTzar zs Corzprorz efecr ? 天 xzPpiairz CormzProrz scarterzrzS、Py Gerzrims 二 
exrpressiorz Or CormzPpror SPzi 态 or rarelerzstP itrp trPe Fem ar ac desrazz 
(RCGC- 己 记 、 Dec- 2070) 
Or 
Teart is CorzPprorz eecr ?2 五 omw does 直 expiaim Iae Particie mazzere o 矿 
racticztiorz ?2 Derzre ar1z exrPpressio1z Dr IFe 万 eqgrerzcy o 太 ie scatreredG 癌 庆 orozzs 


zzz ter77zs OQ 厂 万 egreerzcy Or re imzcicerzr racdiariom Gd scarrerz7zS CTSTE- 
(R.G. 己 习 、 4PprzI 2009.、 zerrze 2070) 


TFT7zre sPort rzote or CorzPrtorz eecr ( 民 .C- 已 严 。 Dec- 2075) 


447zs. In 1921. Pro 4. 万 CormzPpriorz discovered that when a mono-chromatic 
beam of hysgh frequency radiation (入 -rays.、 六 raYSs- etc- ) is scattered by a 
substance、the scattered radiation contains rwo components 一 one havins a 
lower frequency or greater wavelensth and the other havins he same frequency 
or wavelengsgth. The radiation of unchanged frequency in the scattered beam is 
known as zerzzzzoctzfiect rerctiatiorz while he radiation of ljower frequencyv is calied 
as 11zodifiec radiatiorz- This phenomenon is known as Corzptom eecr and the 
difference in wavelength is called the Cormzprtor s sriF. Asthe ansle of scattering 
increases. the intensity of modified radiation increases and the diftference in 
wavelensgth also increases. This Compton scattering results is sivins.(i) modified 
frequencies, (ii) unmodified frequency. and (iii) recoil-electrons- 


e 
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Theory -Leta photon of energy hv collide with an electron at rest. Even 
让 the electron is beund to the nucleus. a small fraction of hv is used to free the 
electron. Durning the sellisien il Sives a fraction of energy to the free electron. 
The elestron sains kinetic energy and recoils. The process of recoiling of 
ejectron and scatterings of photon is shown in fis. 1.3. In fig. 1.3. 9 is 由 e 
scattering angle while is the recoil-angle-. 


Electros 231 及 est Energy hv 
Momentam 


hv 人 c 


iacicesi Photes 


王 sergy hv 
Meaesiag hvic 


Fi8- 1. 了 

Befors Collision -- 

ff Energv of incident photon = hv 

伍 ) NMomenram of incident photon = hv/c 

伍 ) Enmersy of the ejecton = moc2. where mois rest mass of the electron 

iv) NMormenram of rest electron = 0. 
和 Ser Collision 一 
让 Energy of scattered photon = hv 
Momenrum of scattered photon = hvyc 
_ Rest enersy of the electron = mc2. where m is the mass of the 
CC IOvin3 with velocity v 
Erv) Mormenram of recoil electron = mv where v is the velocity of 


cjcczron zfter coilision In 
zpd 一 Q 
mm = 一 一 


the System (photon-electron) beiore coljision = hv + moc: 
he system zafier collision 
= 9 二 DC 
of consermvatjion of energy 
”二 mcz -7 


ion of momentum alongs and 


hv bw 
-0 = Cos6 二 rpvcos6 
权 CC 


pv 
sin 一 mmyv Sin 后 
C 


已 
让 
已 
上 


有 4 
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From cquation (ii) 

mvc cos 9 = hv 一 hv cos 6 
From equation (iii) 

mvc sin @ 王 hv sin 6 


Squaring equations (iv) and (v) and then adding. we Set 
m2vz2c2 = (hv 一 hv' cos 6)2 + (hv' sin 6)= 


2 2> > ， 2 ,2 > 2 
一 hv 一 2h-v.vcos69+ hv cos- 昌 二 h- 


-村 2. 奈 2 要 
= hv 一 2h-v.vcos96+h-v(cos-6+sin-6) 


C= 一 hz2[vz: +v2-2vv'cos 9] 
Erom equation (i)、we Set 
mc2 一 hv 一 v] + moc2 


一 Sin 


---(iv) 


[---cos26+sin26e= 卫 -CD 


Saquarins 
mz2c34= hz2(v2 一 2vv+v2) 二 2hCv 一 v)moc2 maicf ---(v 五 ) 
Subrracting equation (vi) from equation (vii). we have 
mzc3+ 一 m2vz2c2 = 一 2h2vv'(G 一 cos6)+2hCv 一 vv)mocz= 一 mc 
mzcz(c2 一 vz) = 一 2h2v v'( 一 cos6) 二 2hv 一 )mocz 二 mc 
mazcz= 一 2 了 了 了 总 
2 (c ”一 vv ) = 一 2h-rvvG 一 cos6) 二 2h(v 一 v)moc- 二 mm5c 
一 
本 2 4 2 > 2 嫩 
mrmDc” 王 一 2hb-vv( 一 cos9) 二 2h(v 一 v)mmoc- 二 mac 
-2h(v 一 v")moc= = 2h2vv(1 一 cos6) 
学 一 呈 h 
RN 一 二 (CGI 一 cos 9) 
moc 
I I bh 
一 一 一 = 了 (1 一 cos6) ---(viii) 


W moc 一 


Equation (viii) shows that v 和 v as h、mo- c are the constants with 


Positive values and the maximum value of cos 日 = 1. This shows that the 


scattered frequency is always smaller than the incident frequency- 
Erom equation (viii). we have 


OF 


入 三 - 旺 (1 一 cos6) 

ww Tv moc 

本 h 

入 ' 一 和 人 一 (1 一 cos6) 
moc 


Thbe Compton shiff obrain in the form 


AA 和 == (一 cos6) 
ImnOC 
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.9. Derire the expressionm for Comiplonm shi 万 m a Comzptom Scattering 


| 
Process- (R.G.PV, June 2016, Dec. 2016) | 
Or 
DObiain Inhe exrpression Jor Comiplom SFPi 户 im wayelengt or incidenmt 
radiafion im Comzptom Scattering Process- (R.G.PY，Jrune 2077) 
Or 
Exrpiain Comzpionm scatferir8g- (R.G.PY，Dec. 2077) 


4nms. Refer the ans. of Q.8. 


} 
@.10. Derivre an expression of imetic energy orecoil electrom im Comzpto | 
Scattering NTY Comzptom Scattering 这 Opseryed im X-rays，mot im yisiple | 


Figjnr wares ? (R.G.PY，PDec. 2072) 
如 ms- The kinetic energy of recoil electron is given by 
E= hv -hv 


Re 
Tnoc 


入 一 入 = -和 
moc 


En 
到 二 一 coS9) 
1 h -219 
人 人 |>sn (2 
1+ [se(3) 
二 moc-~ 2 
V V 
VY 
hv e 
1+ 日] 
Imoc 2 
V | hv | 
站 和 Fi Q= 一 一 
1+ 2asin2( 2 0 
2 
1 2usinz[ ?3 
而 王 =hv 7 = hv 人 
1+2asin2| 二 in2 ?) 
Csin 外 1+2csin 个 


It js clear that the Compton shift is very small, of order of 10-2 A, if X- 
rays interact with electrons. X-rays have wavelengths of the same order of 


1 
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10-2 to 10-3 和 A_ and thus the fractional changes in wave lengths arjsing in 
Compton scattering can be detected. However' thesce small changes cannot be 
measured when Photons of vijsible radiation are involved in the scattering 
Process- The assumption made about the free state of electron is also not 3 
restrictive assumptions as the X-ray photons carry large amount of energy 
which is far Sreater than the binding energy of outer electrons- Jhe binding 
energy of electrons is comparable to the visible light photon energy. Hence， 
visible light cannot causcec CompPpton scattering- 


C.77. Derzre arz expressiorzpDr Corrzptorz sFz 态 crzd ape 1erzBtP orscattered 


PHjotorz. ExzPlairz HA CorzPptorz SAzir is mot opserpred YE FIS 太 1e EBP 
(RR.GC- 忆 中，Jrerre 207 太 


旧 | 


4rzs. Refer the ans. of Q.8 and Q.10. 


NuwmeERicaL PRobLswms 


ProB.7. 天 zirzcl tiPe sfjzortest WCGVelerzBtPz Preserat izz 研 e radciiatiorz 万 om7z CTz 
天 -ray mazCcFzizze W1zose cccelereztiorz Porterzticz 丰 50000 ro 下 ( 民 G. 已 忆 Dec. 2005) 


SoL Given that， 
Acceleration potential， 
V = S0000 volt 
Shortest wavelength， 
入 min 三 0 0245 于 Ans 
V 50000 
ProBp.2. Calcreiarte tiPe ce-Brogtie wayveterzgtF or arz electrorz pr7zic 严 jzras 
Beerz ccceleratecl Forz rest iProrg7z ca Porterztial cE1jfererzce or TI00 TY [Birem 
严 =G626 x 70 一 4 1-sec, rrzass or electrorz mrz 一 9.7 x 70-31Ks arzd electrorzic 
cjaarge, e = 7.602 x 70-72 CI (CR.G. 己 KJJrerrze/1rety 2000) 


SoL Given data， = 6.626 x 10-34 J-sec, mo = 9.1 x 10-31 kg 
e= 1.602 x 10-19 C, V = 100 V 


de-Broglie wavelength， 


入 =”h 
V2evmo 
可 6.626x10-34 
V2x1602x10-19 x100x9.1x10-31 
= 1.227 x 10-10 m = 1.227 人 Ans- 


Prop. 了 Cealcreiate de- 媒 roglie WPeterzSgtP cssociated mitp a Protom 一 - 
11zOVETZEB WitP velocity eqgral io TI[201P ar te refocip ar 1igFrL Cirerz Prorom 
11zass 一 7.67 x 70-27 Kg, 严 = 灰 62 x 7T0-34 .J-sec- CR.G.PV，PDec. 2008) 
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人 2 Enpmeermn PNCs 
1 让 
SofL YY x Velocity ef Light = 、X3x10 1Sx10 my/sec 


Mass of the proton = 1.67 x 10 一 KR 


h 6G62x107 
记 = 2.64 x 10-14 m Ans. 
mm 1I67T<1I0 ”xx1Sx10 
Proh yd 4 sourere om atomerenis agor warelerg 二 53500 羡 
om 硬 c sarace wiih ic or or3 x 1 wo 11ow mamy phofonts reach he 
Sirfpce Per 9 cm Per secrond ? fR.G. 己 Y，JanVFep 2008) 


Sol The cnergv of a single photon of wavelength 5500 A is 


hec 
世 王 由 Vs 二 
九 
Given 入 = 5500 人 = 5500 x 10-I0m = 5.5 x 10 m 


h = 6.63 x 10-334 J-sec 


(663x10-34)x(3x108) 


E= 7 =3.6x 10-1!9J 
55x10- 
The jd d 3Xx10 031 
cncTE - ”~ per Sec 本 
nergEY incident per cm>~ per Secon 10000 
> 0.3 
Numhber of photons per cmz per second = 19 
| 36x10- 
| = 8.3 x 10177 photons/ecmz2/sec Ans， 


Propp.5. 4m X-ray photomn or warelengfh 0 了 3 is scattered UNrorSg 庆 am 
Cnmgie 357By a Joosely pounad electron Find he wayelengti or tne scattered 
Piotom- (R.G.PY，Dec. 20713) 

SoL The Compton shift in wavelength is given by 


0 2 h 
入 一 和 = sin2 B2 or A7. = (1 -cos6)  .…() 
| mIOC moc 
where，h = 6.63 x 10-2 J-sec.c = 3 x 108 mysec, mo = 9.1 x 10-31 kg8. 
和 = 0.4 六 and 日 = 345". 
Substituting valucs in cquation (1D)， we get 
6.63x10-34 


A2 = (1 一 cos45S") 
9.Jx10-31x3x108 


0.02428 x 10-I0 (1 - 0.707) = 0.0071 人 
AL =) 一 入 
一 07 和 = 入 + 从 
-=04+00071= 0.4071 信 


Ans。 
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Prypp.6. -rs 01 Opelerytt1 0 17 rz ptre scCttereyf 打 rrrm 0 UPrVAT 天 Decd 
pe wonedrrygT 记 cf Le 居 -rr SatVe7evf 1jrmptptz 思 -3 1 Pr reTTETUT ATOVA0TTEA 和 


Preseraf 53 SCedEe7eefl X-rIYE IEE) Le CUriyzygtzy77 Ai1VATEr TOTZ7 IT YAAE Ap 


Cizvrem 户 = 全 626 zx 111- 生 J/-sec cr = -了 zz 10 mmjger、mpi3E 0O1 eeet7Pm 
= 9.87 xx 1077 Kg (PRL7 疡 只， 1PDeec- 32063 
SoL Given 
f 人 和 ;< 
fi) 
cos 厂 


6.626 10 
9.1x107-21 荆 3x108 
= 1.0711 x 10-1 = 0.10711 入 PS- 
人 shoajd be EBD 


(ii) We know that for maximum wavcicngr 中 . 


-The maximum wavcelength preseni in sca 


h 
一 和 人 十 (1 一 cos 180) 
Imc 


六 -34 
- 10-11 + G626x10 _EI 二 一 9 
9.1x10-“ xx3x10 
和 (m) = 1.485 x 10-11 = 0.14385 入 Sms- 
3 。 E 
(iii) Kinetic energy of recoil electrons is Siven by = hbci- 一 二 
1 
For maximum kinetic energy of recoil js given by= hbhc -一 - 
志 关 【ET 
= 6626x103x3xlo| 1 3 
I0”x10 OjiSSxiIO  j 
= 6.492 x 10r-15 了 Ps- 


Prop.7. Sjrpw tezt iaz 纺 e scerfterirzg Prpcessy mimimyaz yeiee CO emerR7 
MicP ce Pjzoto1z 11771S1 jare SO tfzczt 开 172CY 1ra 有 sfer eg oo is eerRT 扣 EE 


electro1zl Cl rest 15 CPPOUL 23506 大 e 吧 (RR.CG. 忆 人、 fearci[4Praz 3010) 
SoL_ From Compton effect、we know thai 
C C 1 
和 二 (1 一 cose) 
hbv hv moc 
1 e 昌 
DT 一 E (1 一 Cos 昌 ) 《3 
王 ^ EB moc 


wherc  EA = Encersy of thc Photon aficer collision 
Ep = Energy of the phoron beftore collision- 


Scanned with CamScanner 


13 


14 


二 


14 ”Engineering Physics 


Then EB-EA _ 1-cos9 全 
EA.EB mocz 
、_EB | 
But given that EA= 王 
四 - 1 1 t ecome 让 
Equation (iD) becomes |) ee ie 
= 条 一 5 Or EB = (ji 
EB moc~ 1--cos9 
Eap will be minimum when the term (1 -cos 69) will become maximunm | | 
The maximum valuc of (1 - cos 9)ns = 2. 
、 
moOc” 
(EB)min 罗 2 | 
_ 91x103 x(3x103) 
2 
= 4.095 x 10-14 V 


= 255.94 keV = 256 keV 


OPERATORS, TIME-DEPENDENT AND TIME-INDEPENDENT 
SCHRODINGER EQUATION FOR WAVE FUNCTION, 

APPLICATION -- PARTICLE IN AIONE DIMENSIONAL BOX/ 
BORN INTERPRETATION; FREE-PARTICLE WAVE FUNCTION 
AND WAVE-PACKETS, ve and vp RELATION 


2 the wanve Junction 取 (R.G.PV,， Junre 2073) 
AnmS. According to de-Broglie's concept of matter wave，every re 
particle of matter is associated with a wave. Schrodinger introduced 
mathematical function represent by W which is a variable quantity associated 
with a moving particle, and is a complex function of the space, coordinates 
the particle and the time, is called wave function. 


In analogy with optical, the differential equation of a wave motion 
particle can be written as 


azy 92y 3a2y 1 92y 
和 和 
9x- 9y-” 9z v“ 
where v is the velocity of he particle. 
FEPB Write down Ine properties of wave unctionm.。 
”4ns. Following are the properties of wave functions - 
(iD) The wave function must be normalize. 


(iD The wave function must be single valued. 
(得 ) The wave function must be finite every where. 
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(iv) The wave function must bc continouous and shoujd have zs 
continuous Prst decrivativec cvery where. 
(v) Orhogonal and orhonormal functions. 
(vi) Degeneratc cigen functions- 
CC.1 和 Hzat co yopr rrzcterstarzcl 已 8 TO7TTTCGLEAT1EDTT CIUG DO1TFOBDTGL GEYe 
auerrctiom ? (RPR.G. 己 KU，Jrure 207 逢 
47ms. According to the probability interpretzation of WwW the probzbility of 
finding the Particle within volume clcment dr is cxpressed zs hyfPdr. Since the 
Particlc is certainly some where within the volume cjernent. thc intcgral of 
lyri2dr over the whole spPace must be unity- A wave function that satisfics this 
condition is known as normalized function- 
If the product of a function Yi(x) and complex conju2zate wz(x) of = 
function 2(x) vanishes when integrated with respect to x over the intcrva 
aa<x<b.then li(x) and 2(x) are said to be mutually orthogonal or simply 
orthogonal in the interval (ab). 


CC.75. Frorz tPe maGPe_rerzctiorz 奖 


p 一 efox 一 上 )， optairz Pe operators Jor 


erzEFEJ CT2C 77zO7T2E7zEILITTZ- (R.G. 己 W JJarm_/Fe5- 2008) 
4rmzs。 Wave function、np = eri(ox 一 jc) ---( 过 

We know that 风 汪 | 贡 三 2 

P 入 
有 二 ---Gi) 

h/P 一 R/2 元 一方 
2Tr 瑟 王 王 

kn that =27cv = 一 二 一 一 一 二 一 (ii) 
and asO We h ”hy/2 元 一 方 


-Er ”px i 
-i( 旦 - 坚 ] 本 (Er-px) 


了 到 所 力 mi》 
P 
Differentiating above equation with respectto time and Position respecGvely- 
we Set Onp 于 CEt-pm) 二 
at 一 六 司 
Onp 一 正 | 六 CEt 一 px) 
PR 
Dt 态 
3np _ 下 。 
站 诈  ” 其 一 时 = 
Dn ip n 
ae (vi 
and Dx 轧 
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16 _Epgineering Physics 
From equation (V)， 


np “一 正 
9  "p 
广 9np _ 9np 
二 一 = 访 2= 
本 Enp ji 寻 ”有 (一 世 =- 


去 仍 
Energy operator E= 这 汪 


From equation (vi)， _ 
9np _ ipnp 
9x 为 
_ 力 9np _ -ij 9np 


Piax” 1i ax 
Momentum operator p = - 信 3 


jat E meanl py operafors 2 Optain ar operalor Jpor ie em 
Emomientunml PP” and se ieml io obiain Schrodinger ware cquaiioi 
({R.G. 忆 YY，Dec.、 205 


41S. Any mathematical operation. differentiation。 intecgration，divisi 
multiplication,addition. subtraction etc. can be represented hy pecifie sym 
known as operators. In otherwords an operator O is a mathematical operat 
which may be applied to a funcuon fx) which changes the function to anol 
function gxX). This can be represented as 

O fx) = gxX) 
Also refer the ans. of Q.15. 
Q@.17. Derive Ine Scjnrodinrger 1ime-depenmdemr ware eguafionm. 


Derive 1ire depending Scjrodinger waye equation (R.G.PY, Dec. 201 
47m5 In the derivation oftime-independent Schrodinger equation. Potent 
is taken xs independent of Ume. If however in the System Potential cnef 
so does not depend on me.the total energy is 划 so Unme depcndent Theref 
one has to considertime dependent wave funcuon. The correcsponding differ 
equation will he referred to as Uime-depecndent SchrodinPer cduation. 
For simplicity we begin with a particle moving non-relativistically, 1 
differentinl equation representing a onc-dimensional wave motions 


Day 1 9 
Dx: 
Where visthe wave velocity ofa wave moving along X-axisand is independ 
of charactor of wave and depends only upon the properies of mediurm. 
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The seneral solution of the equation (i) is of the form 
vv 一 人 A e-ioft 一 (xAv)] 
where A is the amplitude and co the constant angular frequency. 
The monochromatic wave equivalent to a free Particle moving along Positive 
X-direction may be expressed by a_ corresponding equation as 


YYCx.UD 三 Aeriml-(xv (ii) 
where o = 2rrv and v = VA、equation (ii) can be written as 
VrC(x、0) 一 Ace-2ri [vt - (xX)] ...(iii) 


马 = 
Put v = 下 和 一 全 in equation (iii)、we ge 
1 


W(xs 人 三 Ae-(2irvh) (Et - Px) .Civ) 
To obtanin differecntial equation for .differentiating cquation (iv) twice 
with respect toO x，、wec gecl 


Dzyr 上 2 
一 A _-(2ri/h) (Et-px)f2ri 
Dxz 的 ( h p 

Dz2y 47c2p2 

Dx2 hz 

要 1 h2 D2yr 

『 = 一 一 本 博克 w)》 
和 4r2 Dx2 


Now differentiating cquation (iv) with respect to (、we ge 
ay Ac-enaoeeo( 一 2 下 -22 


Bt h h 
-1L hoy 1ih oy 
瑟 王 一 iv 一 1 | .…Cvi 
人 Yy 2ri 9ot 炎 2r at [ ] (vi) 
In_non-relativistic limit_ the total energy of thec particlec is the sum of K.E.， 
一 mv~ and 王 下.、V、that is 3 
2 1 2 国生 全 沁 丰 
瑟 = 了 mv” +VVorEE= 十 V (Vii) 


2 之 之 
Substituting the valuecs of P- and E from cquaz io 上 (v) and (vi) in cdguation 


(vii)，wec ct 


Lihay -hh 1azyiv 
YY 2r et Sr-my 9x- 


hz Dz2y ih 9 
OF 和 > ~、3+Vy = 
Sr-m oOx- 2 9 
Substituting 广 = hV/2T、we ge 
访 2 Dzyr Dr 
> VWY 一 专 
OF 2m 3x2 于 1 方 坟 (viii) 
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This is the time dependent Schrodinger equation for a particle of mass m 
and Potential energy V moving along X-axis. 

lfthe paricleis moving in 人 nsional space,thenthe equation becomes， 


泽 -所 所 ww -ayan 
or 党 , 次 ， 型]jw 可 访 叶 
E 机 Va2y+Vuq = 访 沁 [< 区 部 ,站 | 
oOT [ V: ev 四 访 叶 (ix) 


This equation is known as Schrodinger time dependent wave equation. 
Equation (ix) can be written as 


Hy 二 Ey aa 
where 人 -全 让 2 |] andE= 了 


Equation (x) describes the motion of a non-relativistic material particle. 


@.78. State time 爷 dependent Schrodinger equation Find Out the QTe 

到 iated with Free electron and discuss he relationsjzip Petfwee 

energy and wave yector 训 case of Jree electrons. [R.G.PV, June 2008 (Wj 
Or 


Deduce Scjnrodinger time independent wave eguatiom。 
(R.G.PW, June 2075, 2077) 
Or 
Derire Schrodinger iime independent eguafion Jor matter wIYe. 
(R.G.PV, Dec. 2073) 


Or 
Derire tbme independent Scjrodinger waye equationm. 
(R.G.PVW Dec. 2017 
4ms. In many atomic phenomenon, the potential energy of the particle 和 
independent of time and depends only as the position of particle. In this case 
the differential equation for the de-Broglie wave associated with particle is 
called time-independent (steady time) Schrodinger wave equation and can be 
obtained from time-dependent Schrodinger equation as follows 一 
Let us a monochromatic wave of a free particle moving along positive X- 记 
direction. and expressed as 
V(x, U = Aer-(C2rih) (Et - px) 
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ve function YY(x、 0 Scan be separatced into space dependance and 


The W dent parts aS 
ime depen Vr(x、U = 罗 交 元 光 个 ) ec-2riErvh 
() 二 Ac(2ripx/h) 
If VC(x， = 了 (x) ce 一 2ri- Etvh 
Then differentiating above 9 twice with respect to x，we Set 
WVV 
No Dz2yr D2 由 <-2riEvh 二 
2 me 二 “0 
Differentiating equation (i) with resPect to L we get 
起 2 
5 = ce le- 2 到) (iii) 
The time es Schrodinger equation in one dimension is represented as 


9y 


2 9 下 2 
二 Vy = ii 广 
吾 人 


2m Dxz 


ay ，d ay 站 凤 
Substituting the value of y/ 了 and < from equations (iD)- (ii) and (iii) 


n the above en We Set 
一 ji 97Y -2riEvh we-2riEvyh 一 


2m 22 了 区 
2 352 2 
1- 2 芋 +VH = E ERA 
2m Dx- BR 翅 < 


This is time independent Schrodinger equation in x-direction- For the spPace 


particle moving in three dimensional spPace，、we Set 
2 
3 0 二 (已 一 NT 玫 关 人 
Dxz 2 Dz2 。 力 2 
oF V2 十 二 7 CE-vV) 业 =0 ---CGiv) 
This equation shows that the wave function yis a function of coordinates- 
The potential V is also a function of coordinates. 
For a free particle V = 0, hence the Schrodinger wave equation for a free 


electron can be expressed as 
ou 


CC.79. Oprtairz ScPFzrociirzser rze zirzcePerzcterzr c7zcz iTze cePperzcterzr HCVYe 
一 (R.G. 己 人 ，PDec. 2008，、_Jrerze 2070) 


Or 
Dedrece tirrze ceperzcderzt cr1zcdl tizrze zirzcdeperzcderr ScProcirzger MGTe 


eriatiorzS. 


(R.C. 丈 ，-Jzerze 2077) 


2 
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4 Time Independent Wave Equation - Refer he ans. of Q.18. 
Time Dependent Wave Equation - Refer the ans. of Q.17. 


0.20. RiWlowm me applicariomoFrimie independenl Schrodirrger waye 
aafion-rf pafricle frapped 让 Gone dimerisiomral sguare PoOtemFidl we 几 L 


-一 Or 
Ohrain expression ofemergy ieveksJorparticle trapped in one dirensional 
S9UaTe wii inifely deep Potential we 凡 (R.G.PVY，Dec. 2008, 20713) 
Or 
Obtain energy Ievel and waveJianetionm erpressiomJoraparticle trapped 
加 iiitely deep Square well potenmiioL (R.G.PVY，Jnunre 2019) 


必 AS Let us consider acase in which a particle is trapped in a rectangular 
one dimensional Potential box. The box restricts the particle to move along the 
NaNiS betweenx=0tox=L.Suppose the walls of the box are infinitely hard 
So that the particle does not lose energy when bounces hack from the walls 
and the Velocity is so low that we can ignore the relativistic consideration。 
Suppose that the potentinl energy V of the particle is zero inside the hox, but 
becomes infinite at the walls and outside. that is、 

V=0for0<x<L 
and V=ofor0<xandx>L 

Undertheseconditions,particleis saidto movein an infinitely deep potential 
well or in an infinite square well. 

The Schrodinger equation for the particle within the box (V = 0) is， 


dy 2 

全 十 入 Ey =0 5 

Let 过 E = 忆 ( 芝 
d: | 

冰 +k2y =0 (ii 


The general solution of differential equation (iiD) is of the form 
YY(X) =Asin kx +Bcos kx (jiV) 
where A and B are unknown constants. Ify=0ax=0andatx=L. 
Apply the boundary condition.=0atx =0toequation (iv), we get 
0=Asin0+Bcos0orB=(0 .wy) 
By applying second boundary condition, thatis,y=0atx=Ltoeduation 
(iv)、we get 
AsinkL =0orkL=nr 


羡 k = 汪 ， Wheren=1.2.3.... SC 


n= 0is not possible, becnuse il gives 由 = zero eyerywhere. It means that the 
particle is nowhere inside the box which is impossible. 
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Substituting the valuc of k from cquation (vi) in equation (ii)，we get 


2 2 
部 1 2m 
六 2 

2 这 wa 

or 万 。= 三 只 二 。，Wwhere. nm 王 1，2、3.……- (viji) 
SmlI 一 


Therefore. itis clear from equation (vii) that insidc an infinitely deep potential 
well or in an infinite square well. the particle cannot have an arbitrary encergy. 
hut can have only certain discrete_ energy corresponding to n = 三 1. 2.3.、-.…- 
eiscen value of the particle- 

To find the eigen functions of the particle. Put B = 0 [from equation(V)] 
and k = nrToL [from equation (vi)] in cquation (iv)、 we find that the Permitted 
solutions of the Schrodinger's wave equation (i) are 
。_ mnTCX en 
rn(Cx) = Asin .--(Viii) 
To find the value of constant A we apPly normalization condition 


| 古 IynCxoOPdx = 1 


OF 三 IA sinf LE ] dx= 
-e | 7 为 
工 ， 
Or 二 汉 sin2 ( 9 ]d =1 
0 咽 上 和 
加 
AL 2nx 苞 
Dr 2 帮 一 cox 了 ) 芭 一 1】 
Az2 sin(2nxTc/V ID) 
br 站 7 1 
2 2 2 o 过 
A- 学 
This gives 二 (L)=1or A= 可 下 1i8。、 了 7 了 


Therefore、the expressions for the normalized wave function or the 
ormalized ecigcen functions of the particle movins along a line betvween x=0 
nd xX 王 L with zero potential enersy. at Points for which x < 0 and x > L, are 


本 之 | >。 了 7EX 
rn ( 己 )]sn 记 


@.27. .Sterte Scjaroctirzgeris tizzze ziraceperzcderzt egzdatiorz。 Herzce optat7z 
77re55iD7T_DF ecigerz ierzctiorz QFParticie zzz orze-dirmzerzsiorazl Porerztial xfe11 
广 Pa1zrzite PeigAzL (RR.CG. 忆 下，JJrerre 2009，PDec- 2077) 


4rzs. Refer the ans. of Q.18 and Q.20. 
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三 ms ES Ps wa 
22 Enomsscmne Pscs 人 ， 
十 网 skK < wo | 
人 入 pirers ze Perricie ie Ba 而 dein 刘 | 
PRX esas coeassdGes as Pasrtcie is bound to move in a three dirmensio | 
Feseaszsl box with <dses Parallel to the XYT and 乙 axesofl | 


Tbe Fasecie csan move feely within the resiono 0 < x 一 PR 0 <yY< 和 aa 
0 一 工 < 忆 Ezm= side ihe box Potential is zero in every directioa 上 


ECOEBOG oOE Pastcie、 thaz 到 


OO 开 < 忆 
0QO< 工 < 》 
人 过 二 过 上 


Yy iD za verv large value at the boundaries of 站 
Inise oOetside the box- 

Sciszedinse=z xzve cqazrion foc = Pasrtcje of mass m and enerSsy Ei 

Sec = Poteaiizl box is Sivea by 


Te= sojation of cauzzion (ij) is of the fiorm 
SC Y Zz 广 其 (xj) YIyY) ZLz) 
Tere 其 (xz) YI(7) and ZI(z) sxe the fanctions of their respective coordinates 
下 =Gezeicon () is the solturion of cquzsion (G). it must satisfy cquation (i， 
一 了 一 了 一 : 
二 + SIXY + 


Dividing by XYZ we ges 
下 中 XXX 1BR2Y Ta32Z 2m 


Y 忆 


EX(x)YCy)Z(z) =0 


和 各 全 正二 
其 5x> 芋 3 二 9 [ 
和 训 交 1 52Y 1532Z 2m 

证 全 全 -< -| G 
X Daxz Yayz Zaz2 认 


IL-H-S. of equation (iv) is a function of x alone，whereas R.H.S- 
indecpendent of x and is a function of y and z. It is therefore essential that 
quantity to which each side is equal must be independent of three variables 
y and 志 It is possible only when both sides of equation (iv) are equal 
constant。 say kz.、therefore 


2 
To 有 
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1 DY 1323Z 


sd 二 
Yaeyr- 二 cz- 方 
| Equation (vi) may be rewritten as 


下 嫩 2 
立 Dy: 


三 下 ---(v) 

一 了 Kx (vi 
2 

ES ---(vi)》 


IL_H.S. of equation (vii) is indePpendent of zZ_ while RH_S. is ipdGependent of 
Tberefore. 开 egquation (vii) is to be satisfied. botrh sides most be equzal to 


spother constant (say) KK - therefore 


机 -去 3 一 


Equation (人 Gx) may be rewritrten as 


重 于 区 
乙 5z= 


---(viii) 


---(ix)》 


2m 


= -kx 一 ky 一 2 王 < 


字 


As RH.S. of equation (x) is constant therefiore. its L_H.S. must aljso be 


onstant let it be K- thben 
1 33 之 


过 FE 三 ---(Xi) 
2m 2m 
md 下 二 ---(X 王 ) 
For convenience，we may write 
2mE 2mE 2mE 
攻 二 本 .Ky 一 一 and Kz 一 一 2 和 ---(Cxiii) 


Substituting the value of kx in equation (v). kk, in equation (viii) and Kz- in 


guation (xi)， we Set 


D2X 2m 
3 下 药 二 各 
D2Y 2m 
玉生 92 EX 二 各 
D2Z ”2m 
上 zz 0 


23 


全 9 
---(XV) 


---(XVi) 
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The general solution of equation (xiv) is of the form | 
XCx)=Asin (Bx-+C) (xyv 计 

where A.、 B and C are unknown constants. IXCx)I2 represents the Probabiliry 
of finding the particle at any point along 欠 -axis. Thc potential at the wallsol 


the box is very high. therefore. the probability of finding the Particle at th 
walls will be zero (fig. 1.3). that is 


IXCx)P2 =Oatx=Oandatx= 人 x 不 
or _ IXGooOl =0Oatx=0andatx= 人 x 局 
Applying this boundary condition to the solution 三 | 
(xvii)、we get 大 和 
sinC =0andsin (Bl +C)=0 | 
Or C = 0 and thcrefore sin Blx =0 Vx=0x= xc | 
Or B 人 = nxT、where n is a positive integcr FiB. 7.5 
mx 区 
总 B = 一 一 
4Lx 
Substituting these values of B and C in equation (xvii)，we get 
X(x) = A sn 人 ( “天 ] ee(X 
人 >x 


Applying normalization condition to find the valuc of real number A 
人 
虱 IXCoOPdx = 1 


0 ， ! 
2 
请 ~ 「 2nx7Tcx 
工 可 | 
Or 2 | cos| 7 ]|= 


忒 


Az2z sin (2nx7cx/L> ) | 
OF > 一 -一 一 一 一 一 一 一 一 1】 
过 (2nxT7cxy/Lx) 0 
2 
入 艺 
OF 和 和 人 一 六 2 


2 。 有 xTTX 
和 fx) 一 人 二 器 广 = 到 


JDiffecrentiating cguztion (xxj) twicc，wWe BCL 


2 2 己 Z 有 
旁 -2 =)= 匡 -sj - 
3x2 国 人 zz> 了 7 六 上 


四 3x2 


24 
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口 “X ae 
Substituting thec valuc of 2 from cquzation (xxi) in cguation (xiv)， we Sect 
OX 


- 9 X(x) + > ExX(x)=O 


老 


2 
” 2m 4 
7 2 = [] or Ex = 冯 一 
刀 光 2m 经 
6 人 3 
开 Ex ES r 正 x 二 和 whphere nx 王 1.2,.3,…-- -.-(Xx 王 ) 
2m 4 人 4 Sm/2 
On the similar lines we may got the solution of eguations (XYV) and (xVi) as 
ny ER 
YCy) = | :jam ---(XXii) 
态 总 
d 2 全 2 | sin zz (xxiv) 
Z Lz 


we Set the solution 


On applying boundary conditions along 立 and 乙 -axes- 
xxji). That 1 


fedquations (xxiii) and (xxiv) in a similar fashion as eguation ( 


2P2 
nyh xvV) 
正 y 三 了 5 ， where ny 二 和 人 
Sm/y 
二 汪 。 
本 全 让 XVi) 
0d 下 三 一 和 一。 wherenz 一 12。 3 --( 式 
Smlz 


ss ion 
Substituting thce values of Kk:. ky and kz from equation (xiii) in eqgaa0 
ji)。、we Set vi 
E = Ex + E .+ E。 


三 有 
Edualions (xxii)， (xxv) and (xxvi) provide the aowed valiuecs of enefE- 


wejls alon2 X. YY and 乙 -axcs recspectively- | 
Substituting the values of E,.E、and E, from equation | 
xjj)， (xxv) and (xxvj) in eduation (xxvii)、we Sei j 
2 3 
EE = hz= | Dy nz 1 
汪汪 六 性 ---(XXVi) 
ml ws 本 和 


erc Pxv Dy and nz 2arc 2ny SeLof threc Positive guantum 。 Xatz) 
mmbecrs- 下 ie- 了 .三 
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26 Engineenng Physics 


The compPlete wave function Y can be obtaincd by substituting the valucs ol 
XC).YCY) and Z(z) from cquations (Xx)、(CxX> 


iii) and (xxiv) in cquation (ii) as 


| 
| 
了 n _Tcv _ 区 Z 
nx.ny.nz) = 2 | 2 sm 人 | 半空 ]sm y 一 > ]a(2 径 ) 了 
| 人 人 间 放 


yz 
Fig. 1.6 indicates the first three normalized wave functions X(x)-for 
Particle restricted in a rectangular potential box- 


jart cto yor rraderstartd By wave ierzctiom discress its PHzysical 
4 Tarce ? (R.G. 忆 站，PDec- 2074) 


如 ms Wave Function -- Refer the ans. of Q.12. j 


Physical Interpretation of Wave Function (yn 一 It is interesting td ， 
define or interpretthe significance ofthe wave function yr in terms of observable ， 
Properties associated with the particle or the system. IL should be defincd 记 ， 
Such a way that any meaninsful question about the result of an exPperiment 
Performed upon the System can be answered if the wave function is known 
In the besginning it was considered that the wave function is merely 
auxiliary mathematical quantity employed to facilitate computations retatived 
the expPerimental results. The first and the simple interpretation of yy was Siv 3 
by Schrodinger himself in terms of charge density. We know that in am' 
electromasnetic wave system if A is the amplitude of the wave, then 
enersy density i.e.. energy per unit volume is equal to A2, so that the numbsie 
of photons per unit volume i.e.. photon density is equal to A2/hv or the Photojy 
densiry is proportional to_Az as hv is constant. If yy is the amplitude of mai 
waves al any point in space. then the particle density at that Point may 
taken as Proportional to V2. Thus yz2 is a measure of particle density、W 
this js multiplied by the charge of the particle, the charge density is obtai 
In this way.V2 is a_ measure of charge density. It is observed that in so 
cases. W is appreciably different from zero within some finite region kno! 
as Wave packel. IU is natural to ask.“Where is the particle in relation toO WwW 
Packet 2?” To explain it Max Born sugsgestcd a new idea about the Physi 
significance of 小 which is generally accepted now a days. According to 
Born yny* = lyrl2 gives the probability of finding the particle in the statce Vi 
wy is a measure of probability density. The probability of finding the particle 划 . 
volume dr = dx dy dz is given by ly dx dy dz. For the total Propapilty 
finding the particle somewhere is. of course, unit i.e., Particle is certainly to 
found somewhere is space- 


由 IyPdx dy dz=1 


V satisfying above requirement is said to be normalized it is cal 
72OrTTzCGLEec CO7zCitEO7T- 
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Wave function yy must ful61 thc following conditions 一 

(站 732 WCGPe JrerzctiDp11 WIIULSE PPe SirzBLe-Pelteect Ferzctiprz 一 于 waVc 

function V' is has more than one value at a point thcn thcre wii be more than one 

jvalue of probability of fnding the Particjec at that point Cleariy. this js redicuJous- 

(iD) Te ape rerzctiorz WwW mtUS1 pe rzite erery were 一 Let thec 

wave function yy is infinite at a Particular point. It impPjlies that therc is an 

infinitely large Probability of fnding the particle at that poinr- This violates thec 

uncertainty Principle. Therefore，. the wave function 炎 must have a finite or 
re value at that Point- 

(iD) 7T71ze TaGPe ierzctiorz WELSL De cOr1ETTILOIS CT SPForLd Feare 


coO1zti7zrLOIS .First ceripratipe eprery HPere 一 This is necessary from Schrodinger 
egquation itself which shows that dzywdxz must be finite every whbere. This is 
only possible if dywdx has no discontinuity at any boundary where the potential 
changes. Furthermore, the existence of dywdx as a continuous function imnplies 
that Y too is continuous across boundary- 


@.24. Discress rpe corzcept or nanve iurzctiorm cssociared rrirPz Pearticte- 
Give exa11zples or actrzziss 碟 1e wayve ierzctiorm Tty cteriyratire areareFrerzctioz 
S7zorelct 态 e coratizzrtOtls eyery zere ? (RR.G- 亚 中，_1reme 2073) 


rzs- Refer the ans. of Q.23. 


@.25. Tite Scj1zrocdirzger tirrze ceperzcerzt 1zC1 Lize iazcePperzcderzt Ge 
eGrLaLiO127. 歼 xPlczizz its PPzysicaz siBrziFicarzce crazcl ctiscress tiPe terzrz im eGrtGIEO7 
HaicPa zs relartecl itpz PHzysicaz ProBplerrz- (R.CG. 下 Dec- 2072) 

Or 
Derzve Pot1z iizzze ceperzderzt crzcl tinze iazcePperzcerzt Sc1zroctirzSer 2rGTe 


一 亲 四 
Greatio1z.roray7azorz-retatipyistic Particze irz Potential TVY 庆 )Gire tePFrysica7 
iTztFicearzce or azpve ierzctiorz MX (R.G. 严 ，TarcFr[4Pprzz 2070) 


rzs- Refer the ans. of Q.17. Q.18 and Q.23. 


CC.20._ Discress iPe 万 ee Particle wayve ierzcriorz- 


4zrzs- The Schrodinser wave equation can be defined for a _ Particle of 
nass Im total enersy 王 and potential energy V as 一 
呈 二 a 证 RE 
一 ~ “Vz2y = 2 ( 王 一 V)W=0 和 -0D 
For a free Particle、 the value of Potential enersy V is not depPendent of a 
osition and hence.、 for convenience. it mayvy be considered as zero. In cartesian 
oordinate. the Schrodinsger wave equation for a free Particle can be written as 一 
2 2 由 。 
azy azy ozvy 2m 
二 二 二 -EE 炒 =0 二 
了 2 > ---(11) 
各 K~ Dy DZz “二 二 
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Eraoontiireprssents apPartial differential equation in three independen 
anics Vand zz The solution of equation (ii) can be written as 
WUx.v.z = 和 NO YIV ZLz) 

wihese NOCATIN ai ZU rePeesenI funcsens of heir respPective ceoordinates 

Subhsamana the value of equaton (iii)into equation (ii)、WVe Sel 

、、 > 
YYVJZLz) eS 9 二 NGX)ZLz) 5- Cy) 十 XXXIYTCY) 二 人 
ex -~ Gy- 9z- 


(这 


* E XCxYCYZCz)= 
TRis =qassen can alise be defined as 一 
asX ay xva- 工 ， 2mExyz=o 
xz am: = 为 


Ivans =qusscn Gv by XYZ we Set 


严 2m 
axX aa Lezs 2mE-o 
玉芝 

下 二 is =Sssoe the Erss sermisa fencaen ofx. second term is 3 
二 工 ESeesn 到 fencsoa of 二 alooe This can be Pessible only whben 


< ee 二 ee aens ras be eqeal to the constant -2mE/ 方 .Assurme 


一 了 


二 


Ga 了 


ze 元 二 让 
SP 二 =se va=s Eco =qeazsioo (v) Yicids 


下 xz 二 昨 y 二 耻 z 二 一 二 = 
入 = 己 环 coewveaicas iD Sabszipeec 
2zmE>x 
三 本 
2mmEy 
一 访 
2mEz 
一 
本 js 
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The equation (vi) in x-coordinate is of the form 


1 D2X 2mE、 
2 力 > 
32X 5mE> 、 
Qx- 力 - 
The seneral solution of this equation will be 
户 训 全 一 
/12mE 
XCx) = N、 sin 一 (x 一 xo) 0 


方 
where Nand-xo represent arbitrary constants x defines the location of the 
zeros of the sine function. Similarly equations for y and z and their Seneral 


solutions are as follows 一 


D2Yr 2mE、 
5 = 工 立 =0 -.-(Cxii) 
Qyv- 办 
2mE、 
TYC) = NVvsin 太 一 (yY 一 yY0) ---(Xiii) 
了 
DZ 2mE 
and 二 二 2 三 乙 =0 ---(xiv) 
届 志 - 末 一 
。 V2mE: 
ZK(z) = Nz sin 一 一 (zZ 一 zZo0) 运 张 RN 


方 
Hence the wave fanctions and enersy values of the particle are 


= 


下 =XYZ = Nsin 


方 
PPmE、 PPmE 
= zo) ---(xvi) 
让 让 
---(XVvii) 


amndG 王 = Ex 二 王 \v 十 下- 
wibere 入 = NNNz is the normalization constant- 
Thbe complerte wave function can be defined with the time factor as 一 


12mE 
wwCx-y.Z.t) 王 Nsin ~ (x 一 xo)e 
/2mE 2mE 
sin YV Y (一 yo) iEvU/ 太 xs 工 (z 一 z Je 一直 zt/ 思 
让 太 
V2mE、 2mEy 
= Ni sin 一  (x 一 xo) sin 一 一 一 一 C 一 yo) 
态 广 
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J2mE， -iCEx+Ey+Ez)tU/ 


Si 一 一 一 一 (2 一 Z0)Xe 


(7 2) 


...(XViii) 


For physical interpretation of wave function、we assume Eand Ex be 
equal to zero such that Ex = E. Then，、we gel 
V2mE 一 iEt/ 轧 


(CCx,y,z,t) = N sin 一 和 (x 一 xo)e 


This function represents a set of standing waves wimR wavefronts normal 
to the x-axis. The wavelensath can be defined as 
RE 
V2mE 
Classically a particle of mass m moving with a velocity v with total energy 
E can be defined as 一 


oa(CXiX 


sgXX 


王 = 了 mv2 ...(Xxi) 
From equations (xx) and (xxi)，we Set 
hh 
mv 


This is de-Broglie expression for the wavelength associated with a particle 
of mass m moving with a velocity v- 


2 Defirze pjase arzd SrorP Caities- (R.G. 己 人，.Jrerze 2077) 
SPhase Velocity -- The velocity of component waves of a wave Packet 
is called the phase vclocity of those waves. IL is denoted by the symbol YVp. 
Let a plane harmonic wave of frequency v and wavelength 入 travelling in 
X-direction is represented as 
y== eiCkx - 0 ...(i 
The speed of propagation of this wave will be the speed associated with 
a point for which the phase (kx -- CU is constant i.e-.， 
kx -- oot = Constant 


X 三 Constant 十 一 上 


; dx Oo 
Phase velocity.V_， = 一 一 一 vV 和 ...(i) 
Re 
Group Velocity -- The velocity with which the wave packet obrtained due 
to Superposition of wave travelling in a group is called the grouP velocity. Itis 
denoted by the Symbol Vare- 
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Considertwo waves of same ampljitudcs. but slighUy differcnt frcqucncic 仓 
vi and v> and slighUy different wavelength 和 and 人 > which superpose and 
form a wavece packeclt. The angular frcdqucncics of thcsec wavcs are respcctively 


Oo1 = 27cvi and > = 2rcv2 and their propagation Constants are respectively 
ki = 27CXI and k> = 2T7CX2. Thcse wavcs arc represented as 

yY1=asSin(oit 一 KIx) 
and ya2=a sin(o2t 一 k2x) 


The displacement equation of the wave packet obtained due to their 
Superposition will be 
基于 
一 asSin(Oit 一 KIX) + a sin(Co2t 一 k2x) 


人] 和 | 凤 o | 生 jn 全 
| 


到 2aco 和 一 科 x jsintot 一 Km | 


滞 


where ml 一 02 = 人 Am, kl 一 k2 = 人 Ak 
ia 人 Ri 丰 
包 2 
From equation (iD) it is clear that the amplitude of the wave Packet is 
Am Ak 
A = 2a cos( t 一 
沁 莹 
respectively the mean values of angular frequencies and Propasgation constants 
of the superposing component waves- 


x] and its phase is (@ot 一 kx)、whbere o and Kk are 


Since Phase 
Ont 一 kx = Constant 


.Phase velocity， Vp= SS 
dt K 
| Now for the amplitude of waves packet- 
Al， Akx 
过 2 = Constant 


Hence grouPp velocity、 


这 和 
& dt AkK/2  Ak 


V LILimn - 一 一 
8 ”ol 一 o> Ak dk 


| 记 
3 
马 
提 
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ADJN_ EN Paese velociy ad Rrop velociy、S1omw 1jaf Jpr mo1m- 
IAA Anele he hose velocity is jnatr or re grprp vetocify. 
(R.C. 己 Y，1Dece. 20715j 
Ahase nnd (oup Velocity Retfer the ans. of C 〇 .27. 
NibnR Im de-RSroglie hvypothesis 
入 = 
mV 
Taxal enerRY、 mV 
后 
Asa 
下 mVF 
AT WV 殖 一 
hh 2h 
_ mV h Vg 
Phase velecity- Yp= vY. 和 = 当 一 一 到 
2h mVr 之 


Thus the phase Yeclocity is half of the group velocity for a non-relativistic 
free Particlec. 


人 .29. Derirea relariomsjaip Petweer tc Brorp velocity errzclPpjzase pelocity 


一 7TTICTTETTTOTYes- (R.G- 己 从，Nov/Dec. 2007) 
AS。 Phase vclocity.Vp = 中 or oo 一 kVp we 信和 
Group velocity。、YV , = ER (ij 
辐 dk 
From cquations (i) and (ii)、we get 

v,.= d (kev ) = v NM 

dk 了 dk 
Vs= Vp+ 人 ) 2 […k =27] 

d(2T7 和) 
dVn 


YV,, = YV， 一 入 
中 dd 入 
站 055， te ProuPp vclocity Yi depends on the phase vclocity Yp and 由 he 
vaf12810T 0 PPhaxsc velocity with the wavclenRth. 


TH1fecrecnt (25605 一 
一 一 dYVp 


一 一 7 11 Up Von-disPpersive Hec1irr7z 一 T = 0、i.c.. the mecdiuns 


dd 入 
和 SC 1 10 1 he phasec vclocily docs nolt depecnd on the wavelength then 
/Vibe UrOUP velocily amd phase velocity arc cdual. Such a mediurn 
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is known as the non-dhspersive rnedporn For cxarmFHC Uoe PFDeP veociy zcd 
phase velocity arc cdual for (the cjicczrormpagPeAC waYwecs 0 vBCOR5IT 2 classic 


waves in a hormozcnecoos mecdiurn 


ft) 1m je 1JzspPpersire ASVecfizrzzz 一 Jmn = CSPeTSEY 
jess than the Pheasec vefen 
ctrofmagpetic wzvcs im 3 人 


Positive and 1hec group vceiocrry 
cxamplc. the groupPp veloctty 


is less than the phase vcelocity 
But if thec value of dvV_/d7 is negasive in 2 贞 
Vp ie.. the grouP velecity is grcalter than thec phasc 
electric conductors the BEroupPp velocity ES rore fham 
@.30. Snpw jnar grprP velocity Less [Pazz 仿 e Pre FeUOeEY 细 本 
JI1eCC1EU17T- f[ 展 .C 记 Jame 33 


ms. Refer the ans. of Q.29 (i). 


@.37. Dej1irrze mwave relociry. 
如 ms. According to dec-Broglic hypothesis. a wavec 55 2550DCiaecd mi cc 
moving material particle whosc wavclength is BEIVen 上 
h h 
入 = 一 1 
P mv 
whbere h is Planck's constant_ m is the mass of paricjec apd v Edhe redpcaty 川 Per 


From quantum condition 


E= hv 
or E 《于 
YV 三 本 
h 
According to Einstcin's mass-cnergEy relation 
下 = mcz -3 
Substituting the valuc of E in cquation (1)、 we Sci 
mcz | 
忆 三 
h 
Hecence, velocity of de-Broglic wavec 
和 
本 Inc 一 h - 
U 三 VA 和 三 所 《FFY 
h PIY SYS 


Hence from equation (iv) it is concluded that :he spPeed of de-Brogjec 
wave uU will be grceater than the specd of Hghe c whoch xs ImPossibic 


.32. 尼 stapiisja relariorsjip petweers Perticle cead SrocPp vegociries- 
( 展 .G- 已 愉 Dec、2077) 


ATIS。、VWe know that (D = 2KY 本 ER 
> > FSC” 
了 2KIDC 1 bov SC ”oOE 了 二 
oo 0 三 + 1 羽 
司 L - 


Lv ee 
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But by the theory of relativity 
mO 


Ta 三 一 一 一 一- 一 一 
iv27c2 


27mnoc- 


CD 三 


一 
hyV1l 一 v27/cz 
Differentiate w-rL v 


do 
dv 二 --(i) 
h 
We Know that- k = 息 入 = 辫 ] 
了 kz mn 一 
| 


ierentiate w.FL 


dK 2Fm 
dv 二 下 AT -0 
症 | 
| cz 
0 2 do do/dv 卫 
Frorm de 和 nitiom YV。 = 王 ---(ii) 


ss ， dk dk/dv 
Puzting thes vajoe from equzations (1) and (ii) ip ecquation (iij)，we get 
V_ =Y 

Groewp vcjocity 和 否 away equal to particle velocity- 

人 33. DeFire particIe relpcity，Brotp yetpcity crrzd PPaxse yelocigy and 
deripze 历 e rezzrtiprr Petovreerz [天 erzz- (RG- 严 YY，PDec- 207 术 

4ms. 了 arficie Velocity 一 Refer the ans. of Q.31. 

Groop Vejocity 一 Recfer thc an5s- of 〇 -27- 

Phbase Vejocity 一 有 cfer thc ans. of 〇 .27. 

有 Recjztion between them 一 R 人 cfer the ans. of 〇 .29 and Q.32. 


[ERESEEEessssssssssesassssssssssee 
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.334. 尼 xpiairz tpPe corzcePpt OF BroP maGFes- Defirre BrorP Peipciry cmd 
Particle velocity im rejererrce Ora BrorP HGPE cad estap1Es 天 relctipmr Petriree7r 
BrDIIPD TI Particte elocity- (RER.C- 尸 太 Dec- 2070) 
ms-。VVave Packets or GroupP Waves 一 Indeced. a wave Packet is 3a 
Sroup of several waves of slightUy different velocites and different wavelengsths- 
The amplitude and phase of the comPponent waves are such that they interfere 
constructively in a limired region where the Particle is found and outside the 
region they interfere destructively- 
Thus when several Prosgressive 
waves of slightly different 
wavelengsth travel along a straisht 
line in one direction. the resulrant 
wave obrtained due ro their suPer- 
Position travel in form of group of 一 
waves which is called the mare 
PacKer As shown in 三 g&- 1.7- 


川 pllude 一 ~ 


丰 18- 77 Ware PacKer 


The wave velocity can also be expressed in terms of wavejlensth、we 


know that 
下 = hv 1 
二 mv 了 
星光 ws 
v 一 二 二 有 攻 正 王 2 IDY ] 
eV 1 了 
有 盏 hb = 误 IOV 一 =<V | -GD) 


Multiplying and dividing the risht hand side of equation (GD) by hb/2rm_ we have 
_h 2meV 


>” 2m 关 Hz 
和 6 |->=- | 
V2mmEE vv2meV | 
-- 四 = 王 V 入 
和 三 -和 at (ii) 
2m ”72 2m7- 人 


Also refer the ans. of Q.27. Q.31 and Q.32-. 


2.35.- Weat 1 Ge PacKet 2 Defirmre BrorP reiocity ad PPase reiocityr- 
Deripe IPe expressiom or the de-Brogiie mwarelem2t 庆 associarec wzt 闫 am 
electrorz ccceleratec py tiPe electric Poterrtial 有 fR.C. 己 忆 Dec- 2077) 


47zs- Refer the ans. of Q.34 and Q.27- 
1_et the electron accelerates through the Potential V then 


ee 
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Werk done by electric ficld = Gain in 天 -下 
CV = mvz 


2eVv = mvz 
和 
2mev = mz2v2 = pz> 


Buwl 一 


P 
7 全 = 
 V2mev 
We know that h = 6.63 x 10-34 J-sec，、m = 9.1 x 10-31 kg 
e= 1.6 x 10-!19 c 
Putting all the values in above equation、 we Set 
12.27 
入 = 0 入 


.36._ Explairz itPe terzzs P1zase aracd Particie relocity imz corztext miIP cde- 
好 roglie's /ayPpotjzesis. Prove ipatjJora reiativisric arzd 7zorz-retativistic Particle， 
PHjnase velocipy 1 zol egral io Particte relocit (R.CG. 己 只，Jrerze 2073) 


4rs. Refer the ans. of Q.27. Q.31 and Q.32. 


ao h < cz 
We know that， Vp= 莹 二 -IIM2 ”vv 
27cmo 忆 
Vv| 1 一 一 二 
Ph | 所 | 


Thus the phase velocity is not equal to Particle velocity- 


@.37. Exzpiairz tiPe WorKirzg or erectrorz mzicroscoPpe- 
(R.G. 亚 只 ，-Jarz.Fep. 2008) 
47zS. Electron microscope is a device to magnify very minute objects. 工 
is similar in construction like an optical microscope except that it emmploys a 
beam of electrons instead of light rays and electrostatic and magnetic fields 
for focussing insteed of lenses. Fig. 1.8 shows a schematic diagram of an 
electron microscope-. 


Working -- The electron Sun generates an electron beam which is 
accelerated to high velocities with the help of an anode held at about 50 to 
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100 kV. Thec high cncrgy electron beam 
Passes through a_ magnetic Jens that Voltaze 
acts 3aS 3a condcnscr Jens and 
concentrates ,ic bcam on the object 
to be masgnified. The object to be 
examined is made into a very thin slice 
of thickness in the range 100 to 1000 
A so that electrons are not scattered 
and blur the imasge- Different number 
of electrons Passes through different 


Eljlectron 
Source 


Condenser 
Lens 


Parts of the objcect depending on its Objective 
Structure. After Passing throush the Lens 
object the electron beam goes through 

a sccond lens which acts as the Aperture 


objective of the microscope and 2 


masgnifies the object. After that the Lens 
beam Passes through the third lens 
which acts as a projector lens 
(eyepiece) and projects the enlarged 人 
image of the object on a 昌 uorescent- 
The fuorescent screen converts the 
Floorescent 
Screen 


image into an optical image- The 
magnified image ofthe objectis viewed Fig- 7.8 Scjzerrzatic or arz 匹 1ectrorz 
through a side window- aficroscope 


NumeERicaL PRoblLswms 


2 


Prop.S. 47mz eiBgerz rerzctiorz or arz operatorr 二 


COrTesporzrdirig eigerz pairee- 


zi WU = es Firad tipPe 


dz2 
SoL Given， 宫 = 一 
dx 一 
人， 运 
Gy= 一 二 (e 莽 ) 
dx 
d d ZX d ZX 了 ZX 
一 DZ ”) 一 Ze 
号 | 且 )| dx 
But ezZX 三 虽 
- GVYr = Z- 由 
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Hence eigen value of the operator 


G=z2 Ans。 


Pro5.9. 4m electrorz is Dorerad i7z Or7ie-cdiir7zerzsioTzGL izzFirzite Well or pidtP 
204. Find the differemce to errergy ratres or First excitecl arrzcdl secorad excited 


States ia electror rO 凡 L(R.G. 忆 YY，.Jrere 2008 (CV)I 
SoluThe enersy of the particle of mass m in a box of length L is given by 
确 本 
E。 = 2 wheren = 1. 2. 3. 4 ..… 
SmL 
2 -34 
和 (663x10-34)2 
= 1，E, = 一 -一 = 一 一 一 一 - 二 倒 20 
ge 1= aa 一 8x91xl05Ix(20x107107 一 151x10 了 
151x10-20 
= -一 -19 eV=0.0944 eV 
1L6x1l0 
2282 ， 汪 
FE = 2 2 
0 


(663x10-34)2 
2x91x10-31x(20x10-19)2 
= 6.04 x 10-20 本 = 0.3775 eV 


Hence. difference to _ energy values of first excited and second excited 
StatesSs- 


= E 一 E) 
= 0.3775 -- 0.0944 = 0.2831 eV Ans- 


Prop.70. 4m electrom 三 corzFrzed im ome dirmzerzsioral SGgrGTre Hell o 太 
1emBg 张 0.4 x 了 0-9 mm Fimd tiPe erergy arparticte wjzerz its eigerzJFiermzctiom jzas 
Jorer aztimrodes amd spow Iat ipPe Particie carz 1zerer jzaye emerBy egLaGI to 
3B00 eVY 1Giremn 天 = 663 x JI0-34J1-sec, zzz = 9.73 x 70-37 Kg 


(R-G. 己 ，PDec- 2072) 


n2h2 
SoL We know that Eu= 一 一 
8mFL: 

We have four antinodes, so pn = 1. 2. 3. 4 


(D2(663x10-334)2 
8x913x10-31x(04x10-2)2 
4396x1027 


= 了 TO 一 3.76 x 1009 了 一 2.35 eV 
闪 


1 一 
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(2)2(6.63 关 10- 到 )2 


王 。 = 
8x9J3x10-31x(04x10-2)2 
一 606 
和 = 1.50 x 10-!18 J 了 = 9.375 eV 
LI7x10 
(3)2x(663x10734)2 
E; 1 
LI7x10 
= 3.38 x 10-18 J= 21.125 eV 
世 (4)2x(663x10-34)2 
本 LI7x10-4 


50T 芭 1023 了 三 3 了 7.35623 GV 


Total of E = El + E> + E3 + Ex 
= 2.35 + 9.375 + 21.125 + 37.5625 = 70.7875 eV 


Hence, Particle can never have energy equal to 800 eVY- 

Prop.77. 4 Particle is mzorirzg inrz orze cirrzerzsioraIPpoterztiarB5pozrror iFirrire 
PeiBgPzt) orwiatp 254.Caticreiarte rpme Propapiziry orFirzdirzs ie Particie ELFim 
ai1a iazterral or 5 了 at tpe cerztres ar rpe 5or mpzemr 民营 mits stare ar1easr 
e1zEFEJ- 

SoL The wave function yy of a Particle moving in an infinite Potential wel 
is given by 


2 1 .: DzcXx 
rn(Cx) 三 攻 了 sn 了 where L is the width of the well. 


The wave function of a particle when it is in its lowest enersy state、that 
is、whenn=1is given by 


2 TCX 
(x) = in 一 一 
出 (二 sa 开 


At the centre of box,. x = LV/2. The probability of finding the particle at dhe 
centre of the box or Probability density hy(x)P at the centre of the box is 


wowoo- 玖 (号 全 (只 全] 


之 。 
= 二 sin 
工 


ly(Cx)P 
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Probability in the interval Ax is given by 


> 2 
P = IJy(Cx)i- Ax 三 人 x 


Here、L =2S 和 A=25sx 10-I0 m and 
Ax =5A 和 A=S5Sx10-0m 
2xSx1l0r-10 
束 三 10 =0.4 Ans- 


UNCERTAINTY PRINCIPLE 


Se 盏 eiserzpergS rrzcertairzty PrirzciPpIe 2? 
ms-. In 1927. Heisenberg proposed a very interesting Principle. vvhich is a 


direct consequence of the dual nature of matter. knowvwn as zerzcertairzry Przrzcip1e- 

Accordins to Heisenbersg s uncertainty principle. ”it is impossible to specify 
Precisely and simultaneously the values of both members of particular pairs of 
physical variables that describe the behaviour of an atomic system.” Qualitatively 
this Principle states that ”the orderof masnitude of the product of he uncertainties 
in Uhe knowledge of two variables must be at least Planck's constant h.” 


Considering the pair of physical variables as Position and momentum. we have 

Ap Ax=h(or h/2r) 
JIn an exact form. according to Heisenberg's uncertainty Principle，.xPe 
Produect or rrzcertairzties 1 PoOsSiriom czcl 71O1IT1e1ztILITT OParticte ca71172OF 万 e 


Less LpFar 了 办 5 
_ 过 


1 
ic-， Ap.Ax 三 二 方 
P 一 
C.39. Stare 有 Feiserzperg's rmcertairzty PrirzcipPle cad cerire iDrmr 
FryPpotpetical Baz7zmT1G raY 1TziCrOSCOPe- (R-CGC- 己 K，-Jrerre 2073) 
Or 
State arzd erzplairz 万 eciserzperBg3 Certairzty PrirzciPie DiscrSs c1z 
exzPerimzeILGL istratiomz OF 江 (FRR.C. 严 愉 ，PDec. 20713) 
Or 
State crtd expicurirr 盏 cisert 太 erg 全 rrzCcertai1T1Y Prirzcipie- Tstrere 下 Et 
tpe peip or arz ezperirrzerzt (R-CG- 尸 K，-1rerre 2072) 
Or 


Sturte antd Prope tpPe Feiserzperp rrzcertairzty PrirzczPle- 
(FRR.CG- 己 中，-Jrerze 2009，2077) 


4ms. Statement 一 “Tis impossibjlc to dctcrminc thc cxact Position P and 
TDOTDCTDLUrn ( 疆 2 particlc sirmmujltancously- 


「 一 ESEEEEEEEEssaizeassssesaassseeesesaaseseeesesasacseeeeesss 
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Wave Nature of Parmticies anda ihe Schroaoinoger Equation 4T 


We know that the de-Broglic wavelcngth of a particle of momentum P is 
入 = hp and the corresponding wave numbecr is 


2 ”2 元 
政 = 二 宅 下 
入 h 
In terms of wave number the particles momecntum is therefore 
hK 
P 一 2r 1 


Thus an uncertainty AK in the wave numberofthe dc-Broglie waves associated 
with the particle is an uncertainty Ap is the particle's momentum- Thercforc 
h 
Ap = 2 AK 
Suppose Ax is the uncertainty in the position of a Particle when the Particle 


is moving along x-direction- 
Now. Ihe product of Ax and AK is given as 


--(i) 


| 1 
二 5 
Ax. AK = 2 or AK7AX (ii) 
Putting the value of AK in egquation (iD)、we Set 
hb 1 
Ap: 二 5 (px = XIomentum in x-direction) 
Heisenberg's uncertainty principle 
h wa 
Ax.Ap， 三 3 ---(iii) 
This equation states that the Product of the uncertainty in Position (Ax) 
and the uncertainty in momentum (Apx) at that instant in that direction is 
greater than or equal to 
才 区 
太 一 汪 (= bar= 1.054 x 10-3 本 scec) 
区 


As 
We can also write the uncertainty Principle as 
万 
Ax. Apx 三 2 ---(iv) 
2 
If E is the kinetic energy of the moving particle. thecn E 三 二 mv 
Uncertainty in kinetic energy 
= (mAv) v=Ap.v 


AE 三 2m2v Av= mvAv= 


and uncertainty in time At = Ax/v 
“es 
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Hence from the uncertainty principle 
态 
Ax.Ap > 了、 we Sel 


As AE 办 轧 
V AIL 二 
v 二 2 er AE.AIL > 2 
This equation is another form of the uncertainty Principle which states that 
the product of the uncertainty in enersy (AE) and uncertainty in time (Ab at that 
instant at which 由 he measurement is done is greater than or equal to hy/4- 
Experimental Illustrations of Uncertainty Principle 一 


Determination of the Position of a Particle by Microscope 一 Consider 
the case of he measurement of the Position of a particle say electron in the 
和 eld of microscope. The resolving Power i.e.、 the smallest distance between 
the two Points that can be just revolved by the microscope is given by 

办 _ 
Ax 本 ma 
whbere 和 is the wavelength of light used.， 
is the semivertical angle of the cone of oberveases 
lisht and Ax、the uncertainty in 
determining the Position of the particle. 

In order to observe the electron it is 
necessary that atleast one photon must 
strike the electron and scatter inside the 
microscope. When a photon of initial 
momentum p = h/，、after Scattering 
enters the field of view of microscope. it 
may be anywhere within angle 26. Thus 
its x component of momentum i.e.，Px 
may lie between Psin6 and -- Psin6. As ”Incident 
the momentum is conserved in the Photon 


Miicroscope 


collision，the uncertainty in the Xx 和 
component of momentum is given by F2B. 7.9 
Apx = psing -- (一 Psin6) 
= 2psin9 
= 2 关 sin6 […-P 三 hh/ 和] .…(ii) 
From equations (i) and (ii), we have 
入 2h 方 
Ax.Ap, = 一 一 -一 X 一 Sin9 =h> 一 
2 2sin6 入 


This shows that the product of uncertainties in Position and momentum 
is of the order of Planck"s constant. 
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For macroscopic objcect Lhe uncertainty Principlec has no immportance 
becausec for such objcct. thec position and momentam coujd always be 
determincd simultancously with absojutc accuracy- 

CA0O. FExplarirz 万 eiserzperg S rzcertai1zty PriTCiPIe(RCGC- 亚 Jrrme2075j) 

Or 

WTzre sort morfe 0Omz ITCertairTIy PrirzciPle- 

rs- Refer the ans. of Q.39. 

CT Expiairz IFPe corrcepr or are Peacert czrzcl Bipe maTFzezrzadicag Prpo co 
eiserzpergS rerzcertarirzty relcrtipzz Petypeerz ezzerEBT cai 57ze. ( 忆 C 尸 纪 Dec 207525 

.47ms. Refer the ans. of Q.34 and Q.39. 

@. 了 42. Cormsider a Particte witp errerBy 已 = (P2/2mrzj) maoyirrg m Ome 
cirzze1zsiorz (rz) 7T7ze rrzcertairzty ia ifs 1Dcatipmr 三 Le Sjore 丽 az 放 4r 儿 > 声 
tpPerz 4LFE 4L > 力 waere (pm11z) 47 = 4r ( 民 .GC. 己 风 3Y1arcF4Ppraz 2070) 

4rms. Refer the ans. of Q.39. 

.43. Write rrzcertairzty Prirzciplie arzgrtlar Posifiom Cd CTS 
177O177E71TIIL1777 Or777- 

4rmzs. If the uncertainty in the measurement of angular Position of a Particje 到 
Ad and the uncertainty in the measurement of its angujlar mormmenrom 到 AT then 

Ab=Axr or Ax =rAb 
and AJ=rAPp 
Ap = AJ/r 
Ap.-Ax= AJ/r (Cr Ab) 
Ap.Ax= AJ.A 
.From uncertainty principle b ) 


(CC- 忆 JW Dec- 20716) 


AJ.A 中 = hy/4r 和 一 二 
.AH. 4ssremze tat tPe rrzcertairaty ii te iocatiom or a Particie 二 egza 
to its cde-Brogiie WavelerzgtP SFom tiPat ie rrrcertairty 训 而 e reiocity 过 
eGral Lo 7/2TF iizrzes its _ velocity 
Or 
T7ze rerzcertairzty zirz tPe 1ocatiorz or a Particie 达 egral ro im de-Brosiie 
WCGCPeterzgtP Catcrlate te rrzcertairzty iirs velocity.(R.G. 己 玖 Jrerre 2075) 


47zs. Given, Ax = 入 ,we know that 


Ax-AP = 户 or Ax m Avx= L 
2 工 
h P h x mv 1 
oo Avx= - 二 四 二 2 
2TmAx ”2TmA 2F5xmxh 2 天 二 
Here, the uncertainty in velocity 一 寺 xx Particle velocity - Proved 


LU ee 
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Q@.3sS. Byrsipag Peisemnpers sy rcertaimty Prirzcipie expiairz tjne zero Poprmt 
emerey 


属 PS. Leta Particle of rest mass mo be moving in lincar dimcnsion L under 
the infiuence of Potential. Then the uncertainty in the mcasuremcent of position 
of particie is 8ivecn by 


和 
Ax 三 
2 
By uncertainty principle 
大 方 态 
Ax.Ap > Or Ap = 三 二 
P 2 起 区 点 
OF Ap>= 为 /L 
The lowest-value of K.E. of the particle is given as 
和 0 
”2m 2m 2m 2mL2 


WhenT=O0O?K then the energy of the system is minimum. Thus the K.E. 
has some finite valuc even at 0"K. This minimum encergy of the system is 
called zero point energy- 

@.346. Prove that electrorzs do mot exrist iaz tjze rartcters rsSizag ricertairzty 
Prirmcipie. (R.G. 己 K，HM1arcH4Pril 2070) 

4ms。 We know that the radius of the nucleus is of order of the 10-!14 m 
and maximum uncertainty in position is 2x10-!4 m. 

Ax.AP= 方 
-34 
Ap = 力 -= 1054x10 = 5.27x10-21 kg.m/s 
Ax 区 xx 


The minimum uncertainty in momentum can be takcen as the momecntum 
of electron 21 
P= 5.27x10-- kg.m/s 


… ”Energy 王 = Vpzc2 + maic3 一 pc 


= (5.27x10-21) x (3x108) = 15.81x10-13 J 


一 13 
10。 ev = 9.88x105 ev = 9.88 MeV 
1.6x10- 


It mceans if electron exists inside the nucleus, its energy is of the order of 
9.88 MecYV. 


Butcxperimental results have shown that no electron in the atom Posscsses 
energy greater than 3 MeV. Hence electron is not present in the nucleus. 
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CD.AT7. State 1t1cl exzPLii11 1eigerzPerBS LIICe1TGHTA Prizciple- 瑚 rpPUair 


ci1jzuctior or electrorz Peer1z pyY 5SE112Ue SU 1O iustrate 1Pi5 Priyciple- 
《KRC. 忆 K，Pec- 2071 者 


Or 
.State arad exrplairz ceiserzperg rw12Certai1TLY Pri1zCipLE- Tuestrate 下 5 


tpe je or arr exra77zPple- 
47115. Heisenpberg”s Principle 一 Refecr the ans. of @ 〇 .39. 


Diffraction -- Let a_ narrow bcam of cjJectrons passcs through 3 
SCcFree 


11.CG. 严 K，Dec- 2008，.SepL 2009 rzze 2070) 


single 


narrow Slit of width Ay- So Ay is a 
measure of uncertainty in Position of SIit 
electron. Diffraction Pattern will apPear 
on the screcn as shown in fg&. 1.10. 

IJf the Screen is far away relative LO wy 
the width of slit，the first minima is 


obtaincd by putting n = 1 in diffraction 
cquation (n 入 = d sin6). FiB- 7-70 
Thus Ay sing = 入 一 Ay = MUsing --( 


wherce, 6 is the angle of deviation corresponding to first minima- 

Initially the electrons are moving along the x-axis and hencec rhey have no 
componcnt of momentum along y-axis. After diffraction at rhe sjit they are 
deviatecd from their initial path to from the Pattern and have 3 coOmPOnenI 
psin9. As y component of momentum may lic any where berween Psine and 
一 Psin9, uncertainty in y componcent of momecntum is 一 

Apy = psing -- (--psin9) = 2pPsin6 

h | 


入 


全 


= ”sin9 > 落 三 


了 = 。 。 
。、which is uncertainty principie- 


六 二 一 
NuwmERiCcALPRobLEws 


Prop.72. 47m electrom is corafirrecl io Ga por or LersrP 700 邱 .Caicrelare 
tj1e 11airziz7zrL177 PICertaiazry iT is velociry- LR.G. 己 TV. -rrerre 2008 (CNV)17 


SoL We know that Ax.Ap = 力 


芭 
弓 
上 


If Ax is maximum Ap must be minimum (Ax)wsw-(AP)min= 记 


-34 
册 4 = 1.054 x 10-26 kg mm/sec 


mp ww 和 OOrR 
(Ap)min= 7 (AVx)min 


(APp) 


ea 
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一 荆 36 x 9: mm 志 Bs- 


芝 1 
reB.E 了 3 Te mmeeeeretztzz cy cr eecerom 过 本 xI0 2 天 SS makec cd 二 

Peraszzzyzez 50 Er Gecczrecy co 度 DO3c、 Cagezzieze zceytezirszy im Cete7TTzETTERE 

王 e Posziom co7 过 = ceieccrom f(RRG- 忆 人 记 Je 277B) 
Se Givee_ Emoeaeeessna of electroe  P = <H10 -Kg msec 


ccazacy = 0.003 生 
Ap= 5x10-27 x 0003 -= 15 x 10-2> 
100 
Niow Esins 由 e mcerteainsy Peincipie as 一 
= 王 66x10- 汪 
和 ”2rx15x10732 
= 0-7 mm ns- 


Pro5.1 和 4m oa GoPp of mass IO smz Fioarimrs om 纹 e 万 ee szrrfzce 
oa Egarid 4 amy imstarr 而 e Posiriom or GroP cazz Be derermzirzed rirpirz 碟 e 
error of 7I0: cm War ri pe ie error 训 mmeasrrrermazerat aoirs velocity 2 

(R-G- 己 页、 4PprzI 2009) 

SoL Given. mass of the drop = 10-12 sm 

Uncerrainty in the measurerment of Position of drop = 10 一 cm 


Av=? 
Accordins to the uncerrainty Principle 
Ax.(Ap) = 广 


Ax-(m-Av) = 大 
让 1054x10- 
Ax-m 10-<x10715 
Av = 1.0s4 x 10-13 mm/sec Ans- 
Pro5.T5. 4m electrorm Fas a speed or 8.5 x 705 ma/sec wirpirm accreracy o 太 
LDOTISc_ FEsrfimzate Ime error 二 ce mmeasrtrerzerzt or irs Posiriorr 
(RR.CGC- 己 只， AM1arcjr[4PprEI 2070) 
SoL Taking h = 6.6 x 10-3 Jsec. m = 9.1 x 10-31 kg. v = 8.5 x 105 rm/sec 
NMomentrum of electron. P = mV 


P= 9.1 x 10-31 x 8.5 x 105 = 7.735 x 10-25 kg my/sec 


Ap = 6 mv 一 和 xx 了 7.735X 10-5 三 7735 交 10 生 
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Ax > 0.000679 mnmmn 
下 the morneantarmn of the elecrron 玉 Geeezrminped io the Sivean accusracy- theam 
ie Position of the electron cannog be measaed to am accuracv. less 间 
下 rneanms the concepe of am ejectron as a tiny Pareicje Goes nct hol 
Prpp.176. 4m etectrom or emersTy 200 ef 5 Passed 其 rozs 关 Ga circzier Fote 
or radirs 70 一 cm- 了 at 过 矶 e zceTtaimty introdrzced m 而 e amSte o 太 
eTTETSETICeE 了 (已 .GC- 己 玉 - 7em_FeD 20083) 


Sof Given. E = 200 eV = 200 x 1.6 x 10r-19? = 320 x 10r!39? =32x1I0-7J 


OE 


P = v2mE 


= V2x91x10-34x32x1o0-P7 
p = 7.63 x 10-324 kg my/sec 
By the uncertainty Principle 
Given Ax = 2 x 10 m. Ax.Ap 一 方 
-34 
-Ap-= 妖 =1054x10- 
Ax 2x10 
百世 二 SO 
一 一 PP 7.63x10-323 


= 一 527 x10-29 kg nysec 


= 6.9 x 105 rad = 1 sec of arc Ans- 


ProB5-T7- 7T7ze rrzcertairzty im measrrirrSs tjze Speed or arz accererarted 
electrom 过 72 TO mrz/s- Caicrlare tpze zzrzcertairzry irz _JFirzdirzs its 1ocariorz 
ezize 过 让 sti11 ia motiom Girem 严 一 626 x 70-34J-sec artd mmrass ar elecrrom 
= 9.37 x 70 ”Kg- CR.G. 己 EDec. 207 坟 

SoL Given thath = 6.626 10-3: Jsec 

于 ,== 9:31 x 10-31 kg 
v = 1.2 x 105 mm/s 


Accuracy 0.0015e (assume) 


Then、 
The momentum of electron = mv 


= 王 931 1031 2210s Kg mys 


大 运 (3 )mv =1x10-5 
起 证 一 xx10 x931x10-31x12x105kg m/s 
h 6626x10-34 


Ax = Apx ”1x10-5x931x10-31X12X105 = 5.93 x 10-4 m Ans- 


“gg 
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Prop.18S. Calcrlare re uncertainty im maomierrtrrmz ora Protom nicP 让 
corzfirmred ro ruclers orradirs 1J0- cm Fromaz Ris estirrrate 1IPe Kiraetic ererey 
or rpe Prorfom iside Inhe muciers. (R.G. 忆 ，.Jrernec 207131) 

SoL We know hat 

Mass of the proton. m = 1.67 x 10-27 kg 力 = 1.0S4 x 10-34 J_s 


Given. r=10”cm=10s m = 
Here Ax = 2r=2x10s m 
Hencec、 


_ 力 ”1054x10-34 

Pmin 三 
Ax 2x10- 

= AE 

Ap (5S27x10-30)2 

2m ”2x1.67x10-27 

8.31 汉 11023 了 二 


= 5.27 x 10-30 Kg-m/s 


S.19 x 10-14 eV 疝 
Pro5.79. Dertermzine te size or jyciro 
Sem atormz resirz 本 
728B Certcirzty 
Prirzcziple- Given that Potential errergy orelecrromn v_ 一 e2 
tPe distarce or the electrorz romz pe Prcters. oTC Eo a ” Wijzere a 这 
SoL According to uncertainty Principle 


Ax.Ap = 轧 or Ap = 大 
了 


2 
Now kinetic energy = 3 mv2 = 了 _ 加 
二 
Further' total energy= K.E. + PE- 人 2maz [p = 力 / al] 
四 力 2 e2 
OF 2ma 4reoa 
The atom will arrange itself so that the _ 
dE = 0. Now "By is as small as 
Hencc da ， as possible。 
dE 态 e@” 
= 一 十 一 思 - 
da ma3 4reo az 0 ma3 三 2 


Substituting the values、we get 4 工 家 4 工 Eo 轧 2 


4x3.14x88Sx10-12 mez 
本 ( )(L0s4x 1 一 
(91x10”) (1.6x10-19、> 
Hence the valuc of a = 0.S3 天 世 = S.30 x 1o-un 
”nown as Bohi、 mn Ans. 
dius 
令 合 
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UPRVE OPTICS 


HUYGEN'S PRINCIPLE, SUPERPOSITION OF 凤 AVES AND 
INTERFERENCE OF LIGHT BY WAVEFRONT SPLITIING AND 
AMPLITUDE SPLITTING, YOUNG'S DOUBLE SLIT EXPERIMENT 


@.7. Prxplaim 1reygers Principle or warve propagariom ard appiy to 
Prope te Laws or refrecriom ora plarre waveJrortl ar da Pilare surface- 

4rms. Huygcen's principle introduces a gcometrical method of detecrmining 
the shapc and position of the wavefront at a certain instant from its shape and 
position. Huygen's principle is stated in the following two parts 一 

(iD Each point on the wavcefront behaves as a centre of new 

disturbancc and emits its own setof spherical waves called secondary wavelets. 
These secondary wavelets travel in all directions 
with the velocity of light so long as they travel in A 
the samec mcdium-. 

Let us consider AB be a spherical wavefront 
diverging from a point source O as shown in fig. o 汪 ) ) 
2.1. Here、 xy is a screen with a pin hole S_ placed Source 
touching the wavcfront AB. Now new waves will 


cmerge from thec screen as if their centres wave al 
S. In this manner S behaves such as a new sourcc 和 
of light. FiB. 2.7 


The seccondary wavelets beginning from S move with the same velocity in 
all directions in the homogeneous isotropic medium-. These wavelets are 
spherical in form and the radius increases with linc. 

(iD The envelope or the locus of these wavelets in the forward 
direction provides the position of the new wavefront at any subsequent time. 


”To represent this point we assume that a spherical divergent wavefront AB 
as represented in fg8. 2.2 (a). Following postulatc (iD). every point like 1. 2. 3. 4. 
二 etc, on AB behaves as centre of secondary spherical wavelets. At any 
subsequent time L the radius of each wavelet will be cL_ where c represents the 


Scanned with CamScanner 


50 Engineering Physics 
velocity of light. Hence, we draw spheres of radii equal to ct from (the point 了 
2. 3. 4.、.…. etc. These small spheres 
show the secondary wavelets after 和 
time (t beginning from these points，A"、xSAN 
According to the second point the Ag 
common envelope A' B' of these 
wavelets in the forward direction 
Provides the position of the new 
wavefront after a time ft 

A spherical ”convergent 
wavefrontand aplane wavefront are B"… 
represented in fig. 2.2 (b) and fig. 8n， 
2.2 (c) respectively. In each case， (gW 
AB represents the initial position of 
wavefront and A'B' represents the 
new wavefront after a time 1， 

Reflection of Plane Wavefront at A Plane Surface 一 Let us assume XY 
be aplane reflecting surface and AB aplane wavefront striking surface XYatA 
attime t= 0 as represented in fig. 2.3. Let us consider c be the velocity of liahl 
and t the time for the edge B of the | 
wavefront to reach to point C. The 
incident wavefront AB would have 
advanced to the position CD in the 
absence of the reflected surface. Bul 
in the presence of XY， as the 
wavefront advances、 either particles 
between A andC become the Sources 
of secondary wavelets one after 人 
another We willconsiderthe reflected NA 
wavefront after time t by applying 
Huygen's principle. Fig. 2.3 

The point A ofthe wavefront which touches the surface XY atfirst becom 
fthe source of secondary wavelets which spread outin the Surrounding mediutn 
By the time t the disturbance from point B reaches the Surface aLC, 出 
gecondary wavelets from point A_ would have attained na radius equal to BC 
ct This position is determined by considering point A as the centre and draw 训 
asphere of radius cl IECD' be the tangent from C te the wavefront from 
then we will represent the CD' is the wavefront after time (， 

Leta point P on AB and consider PQR be parallel to BC,. Now 闻 
draw a perpendicular QR' from Q on CD 
From similar triangles OCR and ACD 


ce 芝 开 


人 


Incident Refleeted | 
WaveFronl Wanve Front | 


Wave OMcs 5f 


Agnin, from triangles QCR and ACT 
QC _OR: 
AC = AD， .( 
Afer comparing equations (iD) and (i，we get 
QR _QR' 
AD AD 
QT QR = QR- (… AD'=ct=ADz=BC) 


Thus, the wavejlet from Q touches the wavefront CD at R This is true 
，for allthe wavejets starting between A and C. Hence CD represents the refiected 
wavcfront. 
The law of reflection can be defined as - 
In triangles ABC and AD'CAC is common. BC = AD' and <ABC = 
ADIC = 90". 
Since, the two triangles are congruenl， 
Hencec BAC =i= ZACD'=r 
[【 交 = Zr 
Thus, the angle of incidence is equal to the angle of reflection. 


| @.2. Eaplain clearly Feygems Principle of ware propagalion nd apply 
1D Proe We lows of refraclion orpiane ware1ron ara plane suryace. 
ns. Huygen's Principle - Refer the ans. of Q.1， 
| Refraction of Plane Wavefront at a Plane Surface - We muUme 
plane wavefront AB (ng 2.4) incident on a plane refracting surface XY 
epatatting two Unansparent media 1 and 2 in which the velocties of wave 
motons are cl and cy respectvely. At = 
0 wavefront AB meets NAY al A.hence 入 
becomes the source of secondary 
由 sturhance Mt hat instant. Constder (be 
the Ume takcn hy the cdge B of (he 
wayvcfront Lo reach C so that BC = ci 
1The wavcfront AB would havec advanced 
No the powuon CD at ume Lin he abscence 
tof medium 2 But in presence of the 
IcefracUng surfacec，as the wavefront 
| advancecs，other particles on AC become 
|Uhe soOurces of secondary wavelels one 
after another 
ALUmc 1 when the wavelet from C in juw to begin, the wavelel from Ain 
Tedium2 has developed a mdius AD which 5 equal to LNow we daw na 
tangBcnt from C to the wayelet fm AThe LUangent is CD Hence CD Nowy 
| 由 he refmacted wavefronl n5 量 Yen below - 


Jacident 
下 aveFront 


waveEoat AB anpd jcz PQOR ie 
ce XTYT We daw = PcrPendsceiar 


1 


Er Ecoea saisr xieies QCR amda SACDr 
CC 王 AD” -一 () 
六 S=r CoeaepasimE =qmzsces 4) md (EL we See 


QQR 


肌 
负 


1 Ap 


ED ee 挛 De 2 


-RaEB 一 EsC =SO0F - 
树 ASCED -一 ACED “一 二 
PP=-zes= 民 ACED 二 一 CE 二 DC 王 I30F 
ee 一 CD 二 GD 二 19S0F 一 -= 一 IE0r 
RE AsACD- 三 天 
er 二 ce Fiae2ie 和 BC aad <CDI 
sini si LABAC BC7AC ”BC _ cat 


二 一 到 
sr = CD ADr7AC= AD” cot cz 


- < = 兵 2 = Constant 
一 sisr ”cz Si 


了 is rePeesemes Se 旭 -s jm of Taczion- 
丝 -了 Secze arcd expPiPipr 上 = PrizctrIe Of SUPerPOSEEDmZ 


3 SePezPOeH2icre Pzipc 读 护 S2123 ithaz the resUjtzant dispjacement of 
ET 江 泛 后 ee EEC PeE2ved GEPFOP by two or IDOTE 2Vcs sinpultaneotsiy 


所- Wasvan 


一 一 一 -一 一 一 一 一 一 一 一 一 一 一 一 


Mrve OPses 2 
ie aleehraic surn of the dispiscerenss of the sarnpe Particje doec so ipdivjidn 
waves_ in the ahsence of dhe others 


nstant jet ES constd 


3SVe MTaimn ne : 


whbean the rwo displacerments = are 训 n opposisc Girectioms- the imstanzaneoes 
Tesualianz displiacement doe IO two waves acting toEethbez can be defined zs 一 
一 一 Ra- = Yi 一 人 


忆 - ai 三 e iprerferemce ar FS 天 (RRCGC 忆 世 下 ci 2570) 
mx。wben rwo Hishrz waves saPerimPpese- dhen the resujirans = 
intensitv) ip the resion of suPerpPesition is differentz thzan thb= 
ipdiviGaal waves- -This redificstioni in the distribuotion 下 


crence and when ihe resualtani RE is equal to the difierenpce of Fwo 
rudes_ the inierferepce is known as destrzctire iterferermce- 


-3 Wire doym 幼 e CTPes or imrerfererce- 
Or 
厂 沪 eremriare Beteez Girisiom OF armazpEirzzde arzd crisiom Oo ere 万 Dmz 
( 民 .CG- 己 下， Jame 207 刀 
二、 44ms- Thbe interference is Givided into rwo classes 一 
一 一 全 Divisionm or WaveForr 一 Thbe incident wavefroni is divideaG inso 
Twoe Parts by utilisins the phenomena of refnection- refraction or diffracticn_ 
Thbese rwo parts of the same wavefronti travel unedbal distances anpd reunjite 革 
sorne ansje io produce interference bands. The Fresnel biprism_ Licvd's mirror 
are the exampjle of this ciass- 

一 (5 Dirisipm Or .4mzpiirrzrde 一 The amplitude of the incornins beam i 
dividea into two Parts either by Parallel reilection or refracticn. These divided 
Pasts reunite afier traversins different Paths and produace intserferenece- ip this 
Casc iL 斌 Dot essential lo cmplov a Point or a narrow iinpe source but a broad 
iishi source may be employed to produce brishrer bands. Newton's nnss- 
Nichelson s interferometer are the exarnple of ihis class- 

C6. VWTite dm re cordirioms Jpr interferemce o 丰 Es 了 
msS- The followings are the conditions for interference of tisht 一 
(1 Comditiors Jpr Srstairzead 1rzterferemce 一 Conditions to obiain 
Ststaiped interference Pattern as given below 一 
{(a) Thbe two sources should be coberent. ie-. they shbouald vibrate 
in the same phase or there should be a constant Phase difference between themn- 
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In ordcr to obtain stationary interference pattern, the resultant intensity 忆 < 
any point should be constant with time. The resultant intensity at any point 站 1 
given by the expression， 

过 at +a3+2anla> cosS 本 

TUis clear from the expression (i) that I will be constant provided 5 remains < 
constant. The total phase difference 8 consists of two factors 56) and) 
8S: (5 = Si + S$). As path difference for a particular point remmain constant 
hence S: remains constant. Thus 8 will remain constant, if 6 remains constant 、 
ItUis fundamental property of the atoms of the source of light that they are 
continually undersoing transitions which produce frequency haphazard phask 
changes in the lisht waves which they emit. Due to this fact the phase difference 
betrween twWo Sources does nolt remain constant- < 

(人 b) The two sources must emit continuous waves of the same 
wavelensgth and ume period. 

If the sources do not emit light of the same period, the intensity at any 
point will be alternatively maximum and minimum and hence the interference 
will not be sustained- 

(E) Corcdiifiors Jor OBserpratiorz or tpe Frirzges 一 
(a) The separation between the two sources (2d) should be small. 


When the separation between the two sources is Small, the fringe width 
(D)V2d) is large and the fringes are separately visible. On the other hand when 
2d is large. fringe width will be small and due to the limited resolving powerof 
eye, the fringes will not be separately visible-. 

(b) The distance D between the two sources and screen should 


2 


be large. 
When D is largce. fringe width is large and hence they are separately visible. 
(c) The background should be dark- 
(这 ) Corzdtitiorms Jor Good Corztrast Petnpeerz Haciz7za CI12C 11211a 一 
(a) The amplitudes of the interfering waves must be equal or 
nearly equal. 

In case of two interfering waves of amplitudes al and az, the intensities 
of maxima and minima are (al + a2)2 and (ai 一 az)2 respectively. When the 
two amplitudes are not equal, the intensity of minima will not much differ 
from that of maxima and the contrast will be poor When the two amplitudes 
are equal, the minimum intensity would be zero and there will be a good 
contrast between maxima and minima- 

(b) The sources must be monochromatic- 

When a white light source is used instead of a monochromatic，source， 
then each separate colour will generate its own interference fringes with its own 
Spacing. The different set of fringes due to different colours will overljap on 
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ieach other and the nect cffect would be whitc ljighe jin this case. only a nornber of 
limitcd fringcs can bc obscrvcd. Thos. the sources rnost be rpomochrornatic- 

(c) The sourcces must be narrow- 


When the sources arc not narrow. tbhec intcrfcrence betwecen waves frorn 
different parts of thec same source will Lake place and contrast wii bc Poor- 


公 加 . 7._PDraw arzd exrPpiairz JPprerzg' cdpruple xsE1 ezPerirerT 
-一 


4ms. The interference of light waves was first demonstratcd by Thornas 
Young in 1801. A schematic of the apparatus used is shown in fg 25. He 
permitted the sunlight to Pass through a Pin holce P and then al some disrances 
through two sufficiently close pin holecs P and P2 in an opaqeec screen- The 
_pattern of interference was obtained on a screcen MIN- He observced sorme 
coloured bright and dark bands on the Screen MAN 
Explanation -- When the sunlisht passes through pin hole P sphericsl waves 
are Spread out. According to the Huygen's principle. each Point on the wavefroot 
is a centre of secondary wavelets. Thus. spherical waves also spreead oot from pin 
holes P and P-. The value of radii of these wavefronts increase as hey move 
away from 人 holes P and P> and hence they superimpPosec on eech other 
In fg. 2.S. dotted circular nrcs indicate the wave Eroushs whie condGnoows 
circular arcs indicate Uthe wave crests in each wave. At Potints、wibhere a _ crest doc 
to one wave falls on the crest due to another wave (or troush on 3 oush)、dhe 
resultant amplitude is cqual to the difference of the amplinudes doc ro each wave 
separately. As the intensity is proportional to the square of the amplicude and becnpce 
the resultant intensity at these points is 
decreased. This is called decstructive 
interference. At points. wvhere a crest duc 
to_ one wave falls on the trough of the 
other wave, the resultant amplitude is the 
sum of the amplitudes due to separate 
waves and hence the resultant intensity is 
increased. This is called constructive 
interfcrence. Hence on the screen MN a 
number of alternate bright and dark areas 
of equal width、known as interference 
fringes are observed. 


Fig- 2.3 


.8S. Give tpPe corzstrrzctiom atd WorKkirrs ar 下 resrmels Piprzszz ni 因 二 ee 
Peip o a meat diaSsrearr7z- ({R.G. 己 只、-1rere 2003) 
Or 

Expiairz tPe parterfererrce ar Ligjar py 下 resrzels Dipriszz- 
(R.G. 已 尿 、 下 ep 2070.、 zzme 2070) 
Or 
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开 xPpiairz e Jormzatiorz or irzterfererzce . 厅 irzges DY mazed11s CO aa Fresriel 
Diprisrmz Per morocProrzatic SOrrce or FigPt i zse 弛 
(R.G- 忆 TY，SepL 2009，Dec. 20711 


4rms. Fresnel used a biprism to show the phenomenon of intcrferencec. A 
biprism is essentially a combination of two acute prisms placed basec to base 
In fact this combination is obtaincd from an opPtically Planc glass plate by 
proper grinding and polishing. The obtuse angle of the Prism is about 179。 anc 
the other angles are about 
30' each- 


Construction 一 
Fresnels biprism consists 
of two right angled 
Prisms each of refracting 
angle nearly 30' kept base 
to base. The three angles 
of the prism are 
respectively 30'，、30' and 
179。" as shown in fg. 2.6. FiB- 2.6 


The experimental arrangement is shown in 石 8. 2.7. It consists of a heaw 
base made of two iron rods each of length nearly 1 m. The base rests on th' tt 
four levelling screws. The front face of one rod is graduated in mm- This i : 
called the opical perzcP. Bench is provided with four vertical stands for slit : 
biprism, convex lens and micrometer eyepiece respectively. Each vertical stand 
can be moved along the length of the optical bench. Apart from this, the vertical 
stands for the slits and biprism are also Provided with the tangential screws by 
which the slit and biprism can be rotated in their own vertical Plane- 


C= 一 307 


179” 


江 =307 


Fig- 2.7 
Working -- Half part of the wavefront due to the monochromatic light dl 
waves coming from the vertical slit S, falls on one prism of the biprism and the dj 
remaining half part falls on other prism. After refraction from the prism, the 
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Dianht rays bcend towards thc 
，base of the prism and thec 
ays cmerging out of these 
Aprisms appearto bc coming 
cfrom Si and S> 
Drespectivcly- Thus，、we get 
Mthe two coherent virtual 
sources Si and S2> after 
”refraction from both the 
JPrisms. FiB- 2.83 
From fig. 2.8. it is observed that the waves coming from Si fall berween 
L and L' whilc thc waves coming from S> fall between M and NM' Thesc 
waves Superpose each other in the region beltween M and L' where interference 
fringes are seen when the slit and biprism are held exactly vertical and Parallel 
to _ each other In this situation、both the coherent sources Si and S: are of 
equal sizes and of same intensities. As a resulL _ both the interfering waves are 
of same amplitudes. Although these interference fringes arc hyperbolic. but 
due to their large eccentricity. they apPear to be nearly straight- 
If the refracting angle of the biprism is c. the distance of biprism from 
the slits is a and the refractive index of the material of biprism is HL then the 
angle of deviation of a light ray from the half part of biprism is 5= (Lu 一 1) cx 
andSSi=a5=a(H 一 1)Q 
Similarly, for the refraction from the remaining half part of the biprism 
SSz=a6=a( 一 1)C 
Hence SIiS2z=SSi+SS =2a( 一 1) 尼 
Or 2d = 2a (N 一 1) 以 
If the distance between the two coherent sources Si and S> is 2d. distance 
of micrometer eyepiece from the slit S is D and the wavelensgth of the 
monochromatic light used is 入 then fringe width 
2 
B 三 2 NE 二 总 B 
Hence by measuring B, D and 2d in the experiment. the wavelensgth of the 
light used can be calculated using the above formula- 


forerfercemce 
by Freynels 
县 iprismm 


.9.WFzat cto yor rrzcderstarzcdl By cojrerert sorirces ?2 瑟 ow are tiPese 
OPrairzedt i7z Practice ?2 忆 Piairz Hzy Jirzges orzed py tme Diprisraz cisaPpPear 
Wo1zerz tpze Si 1 zadcte Mide- (R.G. 已 Fe5p. 2005. 2070) 


rs- The two sources of same frequency which emits waves with Phase 
difference not changing with time、are called coererzt sozrerces- The phase 
difference between the light waves from two independent light sources changSes 
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with time. Then the interference cannot be observed by taking two independenl 
light sources. 


For the two wavecs to be coherent, it is csscntial that both the wave musl 
be produced from a single source so that whenever there is change in Phase of 
the wave obtained from the sourcc, a Simultaneous cqual phasc changc takes 
place in both the waves and thec Phase difference between the two waves 
remains constant- 

Two coherent waves from a single light source are obtained by 一 

(Reflection 
(ii) Refraction 
(iii) Partial reflection and Partial refraction. 

Fringes formed by the biprism disappear when the slit is made wid 
because、 according to fringe width formula (B = DXV/2d)、fringe width i 
inversely proportional to the slit width (2d); greater the distance 2d betwee 
the two slits. smaller is the fringe width B and experimentally the slits Si anl ， 
Sa are farthest so the fringes are not visible. Hence for greater fringe width th 


value of 2d must be kept small, due to this the slit Si and S2> are close so tha 
fringes are distinctly visible. 


@C.70. Exzpiair tpe ormzatior or colorrs m7zerz tiPe yzite Ligjzt zs inacidem 
or a tra11SParerzt ti . 矿 1r77- (R.G. 已 屎 ，Jrerze 2014 

41zs. When a thin film is iluminated by using white light then the fringe 
obtained are coloured. These coloured are due to the interference Phenomenos 
which takes Place when light waves are reflected from the top and botrtom surfaces 
of the film. It is because the path difference 2ht cosr depends upon HL tand r 

If r and t are kept constant、 the Path difference will change with A or 
wavelength of light used. As white light has a continuous range of wavelensths. 
Hence at a particular point of the film.、the rays of only certain wavelengthsw 
will have a path difference satisfying the condition of maxima. Hence only. 
those wavelengths will be present with maximum intensity. The wave length 
which satisfy the condition of minima will be absent. Hence, the point of their 


film will appear coloured. S] 


@.IT. Fow Fresrze1s Diprisrmz carz De rsed io ceterzrzirze 1Pe tpickrzess of 
Ga Biprer ipmirm sfjzeer or trarzsPparerzt mtzaterzaz ?2 LRCG. 忆 TY，JJrerze 2008 (NWJ) 

4nms. Biprism experiment can be used to determine the thickness of a thin9 
sheet of transparent material such as glass、mica etc- 

When a thin transparent Sheet (Say Mica) of thickness t and refractiveis 
index h is introduced in the path of one of the interfering beams (Fig. 2.9), thet 


entire fringe system is displaced through a constant distance towards the path 
of the beam in which the Plate is introduced- 
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Now we consider the path SIP. 
length (SiP - D of this path jis 
clled in aijr with the velocity of light 

gth tis travelled in mica 


ni 


sltravV 
of while the Jen 
sswitp velocity cg， ee cs is the 
ss elocity of light in mica. The time taken 
by the light to cover this distance is 


by [(SIP - U/c] + [UVcs]. We 


given 
know that c/csg 三 贞 or cg 三 c/H- Thus 
time taken by S1 to 可 FiBg- 2.9 
SIP 一 t +tHLE SIP+(H 一 Di 
k c 区 一 c 


i Thus the path Si to P is equivalent to an air Path SIP+ (一 Tt 


Path difference at P 一 
和 ” = Path S2P in air 一 Path Si to P 


=S2zP--[SIP+(C-1)H 
=S2zP-SIP--(-1)t 

2xd 2xd 了 
= 人 一直-Dt [-sP-s= 已 ] (iD 
For nth maxima， path difference = n 和 ---(ii) 
From equations (i) and (ii), for nb maxima 
2 可 
二 ~0 一 一 (人 一 D)t = n 入 

了 PP 一 了 

了 D 
本 xn 一 2 [n 和 +(k 一 DJD)U ---(iii) 
whbere， xn denotes the position of nb maxima- 

Dn 和 
In the absence of the plate (t = 0). the nth maxima 一 考 


If S denotes the displacement of nh maxima by introducing the mica 
sheet，then 

中 Se 了 EN 本 < 了 

= 2d 本 2d 


D 
Or S = (HH 一 Ti 。 ---(iv) 


Equation (iv) is independent of n. hence the disPlacement of each maxima 
is the same. The displacement S of any maxima by introducing a mica sheet of 
thickness t is given by 
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0.12 Describe Fresmel 
Pa seef in the pa of 
Deduce he exrpression Jor displacemie 

Ans. Refer the ans. of Q.8 and 肝癌 

0.13. Discuss the inlerference 识 太 ia Jrs 夯 Jo1owing condifion 、 

(iTmlerference due 如 reffected ji 网 
() Jrerferertce de 10 1ransmaitted 1ig 久 

mas. (让 Jmterference Due 10 Rejtected ^ N R Ri 
Lighur - Fig. 2.10 shows two surfaces GH and | 
GiHi toatransparent film ofuniform thickness 
tand refractive index 几 . 

Suppose a ray AB of monochromatic light ， 
be incident or its upper surface. This ray is 
partly reflected along BR and refracted along 四 
BC. Afterone internal reflection at C, weobtain 1 
the ray CD. After refraction at D, the ray finally 十 了 
emerges Out along DR in air which is parallel 
to BR. Our aim is to find out the effective path 
difference between the rays BR and DR For this purpose, we draw a norml 
DE on BR and normal BF on CD. We also produce DC in the backwar 
direction which meets the BQ produced at P Im the figure ZABN =i, the an 外 
of incidence and ZQBC = r the angle of refraction. From the geometry of 由 
figure CBDE =i, and CQPC = 上 

The optical path difference between the two reflected light rays (BR an 
DR) is given by 


Diprism， DiscMSS tjhe elject of introducing 由 
ome or 1jhe inlerfering Beamas 到 Q erperime 
mrf or ringes， (有 .GPRTY， Dec 201 


Fig. 2.10 


A=pPath(BC+CD)in film - Path BE in air 
=h(BC+CD)- BE 世 
_ sini _BE/BD BE 
sinr  FD/BD 。 FD 
BE = ACFD) 区 
From equations (i) and (ii) 
A=hHBC+CD)- HEFD) 
= 有 N(BC +CF+FD)- MED) 
= 有 h(BC + CP) (… BC = PC 
= h(PP) 人 


We know that 


From iangle BPF， 
coSr = PE/BP 


or 
DRP 一 
PP = BP cosr= 2tcosr 


(iv 


区 Bo COPESC= E3F 


If this condition is fojfjed th< 

Tpe minima occars when the ce 日 
2ptz cos r 二 JL2 = (2n 
OF 2hz cos r 三 (2n 三 
because (mn + lj or fn 一 1)can also be 


Here D = 0，1. 2. 3.---etc- ee 
When this condition is fulfilled the 和 im ww 条 spPP=<T darik 到 IcecczedG 


Hghz 
(二 ) Jrterfererzce Dre to TTarzsrmzitted TBHzt 一 


transmitted light is shown in 各 ES- 2-11. 
Due to simultaneous reflection and A 公 
refraction we obtain two transmitted rays CT -二 
and ETi. These rays have orisinated fror the 
samec point source, hence they have a ccnmstamnt 重 
Phase difference and are in a Position to Produce 
sustained interferencc when combined. In order 十 
to calcujlate the Path difference between the two 
transmitted rays，we draw normal CQ and EP 


1 1 


《ww 


1) 7L2 二 7 = 2 琴 
taken 25s iptecEcr hen 5 瑟 ICEET 


Tbe Seorpetry of the 


1Deasei 


on DE and CT respectively. We also produce 工 T1 
ED in the backward direction which meets FriE- 27T 
produced CF at 工 

The effective path difference is given by ---(viii) 


A = PRGCPD + DE) 一 CP 


sin ji 一 
SG 上 = sinr  QE/CE GE ---(ix) 
CP 王 PCQE) 


From equations (viii) and (ix) 
A=hCD+DQ+QE) 工 


= nu(CD + DOQ) = 


pn 
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Here it should be remembered that inside the film, reflection at differenl 
points takes Place at the surface backed by rarer medium (Cair) thus no abrupt 
change of F takes place in this cnse. 

The maxima occurs when effective path difference A = n 入 
ie.， 2ht cos T = n 入 本 ] 

Ifthis condition is fulfilled. the film will appear bright in transmitted light. 

The minima occurs when the effective path difference is (2n 士 1) 和 /2 i.e. 

2 Cos 定 二 从 mw 生 示 和 2 

Where n = 1. 2, 3,.. 
appear dark-. {t 

Thus the condition of maxima and minima in transmitted light are jut ， 

reverse of the conditions for reflected light. 人 
@.I4. Derire iphe cordifioms or maximza G12dG 77zi121772G 112 17zterfererzceg 、 

Ligpt refrected 万 omz a tpPinm 帮 Dz- (RR.G. 已 及 ，JJrermre 2076 1 
Ams. Refer the ans. of Q.13 (i). 


《 


(Xi 
-. etc. When this condition is fulfilled, the flm wil 


@.75. Expliair 研 e imterferemce 万 omaz Ga wedge sjaped tpira FI1mz. 4 
derive iihe expression Jor spacirzg Dethweerz IOo cortsecrtipe Drigjzt Darzds. 

4ns. A wedge shaped airfilm enclosed 
by two Plane surfaces，GH and GIHI) 
inclined at an angle OoL The thickness of 
air film increases from G to H as hown 
in fig. 2.12. 

Let h be the refractive index of *he 
material of the film. When this filn， - 
illuminated by sodium 1light、then the 
interference between two systcms of 
rays, one reflected from the front surface 
and the other obtained by internal 
refhection at the back surface and conscquent transmission at the first surface, 
takes placc. Jt is observed from the fgure that the interfering waves BR and 
DR are not parallel but appear to diverge from a point S. Thus the interference 
takes place at S which is virtual. In order to consider the interference betweef 
these two waves. The optical path difference A is given by 一 

A = (BC + CD) - BF 
=hOBE+ EC +CD) 一 AIBE) (-… BF=HBB) 
RCIEC + CD) = ACEP) 


= 2ht cos (r + om) …(j 
Due to refhection an additio 名 1 phase change of 7)V2 is introduced. Hence 
A = 2Ht cos (Tr +o) 土 和 /2 (证 
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t For constructive interfercnce A = n7 


2HhHL cos (Cr + or 士 7V/2 = n7 
OF 2ht cos (T + co) = (2n 土 1) 7V/2 (iii)》 
For destructive interference 
) A=(2n 士 JJ) XX2 
L 2ht cos (Cr + o) 土 XM2 = (2n 士 1]) 7V2 
.OF 2ht cos Cr + or) = nD 和 .(iv) 
| where n = 1、2、3..…. etc. 


| INature of Interference Pattern 一 If the light luminating the flIm is paraljel 
then i is constant everywhere and so is r, the anglec of refraction. Also. if the light 
used is monochromatic, the Path change will occur only due to L In this case the 
fringes will be characteristic of equal optical thickness. Since in the case of a 
”wedge shaped 厂 和 Im, t remains constant only in direction Paraljcl to the thin edge of 
the wedges,hence the straight fringes Parallel to the edge ofthe wedsge are obtained- 
Thus the bright or dark fringes are obtained here as the condition for the 
thickness t is satisfied according to equations (iii) and (iv). 


Spacing between Two Consecutive Bright Bands 一 


For nh maxima，we havec 
2ht cos Cr + on = (2n + 1) 和/2 
For normal incidcnce and air Glmr=0Oandh=1 


时 2t cos 以 = (2n + 1) 和 /2 =vV) 
一 Let this band be obrtained at a distancc xn from the thin edge as shown in 
位 gE. 2.13- 

-| 

和 
ZiB- 2.73 了 
m the figurc (三 xn Lan C (vi) 

， 忆 二 商 cquations (V) and (vi) 

nd 站 2xn tan C cos c = (2n + 1) 和 /2 

可 2xn sin co = (2n + 1) 和 MX2 .-.(vii) 

ofP JIfthc Cn 十 1)ub maximum is obtainced at a distancec xn+l from the thin edgec、 


then 2xn+l sin 以 = [2Cn + 1)+1] 和 /2=(2n+3) /2 -.-(viii) 


ng equation (viii) from (vii)，we get 
所 Subtracti 5 一 元 Si 芭 到 入 


2(xn+l 
入 ， 
_， Spacing 有 = xn+l 一 xn 一 > - .--(ix) 
肝 2sinc 2 
PE 区 琶 small and measured in radians-. 
押 
:bcTC 
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B64 EBDimeern9 天 Pice 


RS 
MDwcnicat Probtcws 


天 ro 硬 . 了 Firm EravrzapUAe11 GE oreFractfye facex 防 SPreCL Ver CAE 
1.1Vjrl 0 diererart CUYetleriBtrs 15reflected 厅 oorrr 1Pe pi erzcePtIPe WOVYeUE11GH 
GO00 放 .CAztlecrleurte te rrzirrirrrrerrr tpickrrtess ope Layer ope ci 


(1 有 忆 愉 Jarep DO05 
SolL Since OO01y wave 


jcnp3zzdh OO000 广 js rcfractcd Thercforec the concdjilicy 
for dayz 1 (dcwirbucCUVec 1ntcrfcrecpCeC) 15 71VCT 35 


DZH4 cs 了 = 0 
Hor ri0j00010 tcxknpecovn= 】 


,= 0 Dorial incidecncc) 
ZHI 


ni 二 人 


入 6000z107- 弛 
曾 5 SF 关 (A55SuUmc 1 一 1.46) 
2 .40 
= 2.05S x 10-7 m 


1 391 


人 ns 
Ar01.2. 11zer1ererice JriBeS Ce ProifUcec jy Treatel5 Diprisrr 1 tr 


Jpceal platrie OU1ert eyepiece 201 cr CUY Jro Re SU Two trtcies orpne 3 
ULjpzat creJprmiecdJpreccPoOrtnetnoPoOsiions Ora corryex Lers Placecl pelmeen 
Lpe Diprismral cv cyepiece re Ju 10 De separatlecl py 了 5 al ec 2.9 nn 


FresPDectiye 人 yj Je mi OUjpie iaterfererrce Jirnpges De 扩 320 01017111rrcl je 1 
WEVelergtN oO Li usecdL 


(KRC 有 瑚 W，1Dec. 201 L 
SoL Here givecn, D = 200 cm, = 0.326 mm = 0.0326 cm， di 一 4.5 mm 
= 0.45 cm and d2> = 2.9 mm = 0.29 cm. 
Thercefore， 2d= Vdixdz 
= vV045x 0.29 = 0.36 cm 
The wavelength (入 ) of light is given by 
P.2d 
用 D 
Putting the above valucs，we gel . 
0.0326 x0.36 
二 200 = 5.868 x 10-5 cm = S868 人 Ans， 


引 
Prop.3 了 3. THe ctistarzce Petpeerz tpe siil ctracl tpe Piprisrmaz cracl Petweerl ine 
DiPrisma arac tpe screerz cre 50 c11z eachm THie crzgle or piprisrma is 779" cradl 让 


rejractive inacder 丰 了 .5.1tpe midtp orrje rirazges is 00135 cmz Celcrelate Ine 
Havelerglmn or Lig1L 


(R.GC. 己 YY，Jrerre 2005j 
.SoOL Givcn， 


B = Distance between successive maxima or minima or fringe width 
= 0.0135 cm 
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1 = 有 Distarpce PetWC281 SC 二 天 20G CYCJNCCC Were pc 行 ipBea 232 Cscrvcd 
= 30 4 350 = IO0D Crm 
到 cfracUvc jpdeczx 凡 = 1 和 5 
(万 71UU 27052e 7 
We pkzwy 由 2 d 轴 szatic jetw eeTi 和 De 1970 YE UK7U8TCC2S 一 DO apd 球 2VY 
24 = 22 (HH ] 
邢 天 


3180 一 172 _「! NE 
whecrc 点 = 2 2 到 冯 郝 ja0 = 360 富 jams 
2 2 二 30 
24 = 2z50zf15 一 用 地 530 cm = 0.4363 cm 
Now, wavcjcnglh of Jipht is 弛 ven by 
户 24 
一 D 
00135z043063 
100 
= 5.89 zx 10-5 cm = S890 大 Ans。 


AProp. 刀 Te re1reaclipye Pracdex oa piprisrrz 上 5 1.5. WU ee apmO0cHzromzCic 
LiBgHO Une J1iragge ic OpUezirazecl 太 2 1 Te mole SetrD 55 171171C73SCC1 177 
Ca ULigquicd or rej1racripe icdex 1.3 We EL pe Une Jiage WE moOm 了 

(KRC. 严 愉 ，1Dec.、 200531) 

04 Givecn, Refractive indcx， hi = 1.5 

Fringce width with monochromatic Jipht, P = 0.2 mm 

Refractive indcx in liguid, 2 = 1.3 

Leu the fringe width in liduid = > 


， 一 1 入 
We know thal B = 2 2and 训 一 引 入 人 Or (N 一 J)t 三 污 
yY 入 
0 (Rh 一 1 = (1) 
Pi 
amd (ha 一 DJ) = 次 Th 
P> 
5 Dividing equation (i) by cquation (ii). we gect 
(CI 一 DL (YL7PB)) 
/ (hz 一 DLL (YA7B2>) 
hi -1 Baz 村 
一 ---(iii) 
hz2 一 1 Bi 
二 
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Engpeerng PS 昌 
nm values 识 equation (ii) we get 


Substituting the give 
15-1 _ 了 
13-1 02 
1 
- - =0.33 mm 
p2 人 


op 六 人 252002d 纳 e WGHeleng 伏 
太 5. 矿 芳 e angle of a Wedge 必 机 
Zinc en aid.5896 和 JiadtjhedisfanCe Jromtheaperalmwhiclwhe 机 
cide We OBSsered 识 re1iected 谨 肝 


Getotyo wear Lengtjs Jrst COi 
fthe wedge at the PoInt where the 


be the thickness 0 
of or with the maximum of 5890 A. For the maximum ia 
in the reflected light we have 

2 Cn+ D (5896/2) A 
and 2t= (2n +3) (5890/) 人 
(2n+J) (5896/2) = (2n+3) (5890/2) 


Thus 


Solving, we getn = 981 
2t=(2x981+1) (5896/2) 


1963Xx5896 、;- 
Solving, weget  t= 一 2x10scm = 0.029 cm 
Let x cm be the distance from the apex at which the maxima of tn 


wavelengths coincide. If8be the wedge angle then 


t=xtan0=x9 (when 6is smadll 


| xX=U6 
Here 6-=025o= my180 x 0.25 radian 
元 三 呈 全 = 6.65 cm A 
fr/l80x025 “ “ 


NEWTON'S RINGS, MICHELSON INTERFEROMETEI 3 
RE 


MACH-ZEHNDER INTERFEROMETER 
ERERRRRRRERREREEEEEERREEEEEREREEEEETETTT 一 一 一 
更 和 Describe and erplaia hejJormration orNewitons ri8S 剖 ojecld 
的 at 站 re1ected 请 让 1ie diamaeters oprigj rs Ge Pr 
ohesguare roofofodd nanmibers. (R.G.PR 4DriL2009 JU 2 
Or 
COipe delail 
7 人 人 沁 ee 1O .Produce Newio Sm 
Propethaltedlianmzet 1 ii8e 必 
函 芳 er oorigi 70 
0 Ue 5SgUare Toolof odd matural armzpery. 人 人 8 | 


Discuss N 人， 光 
darkring 必 和 下 PDBS experimient anad ProVe thal Inhe ad 中 风 
用 
(R.G.P 久 JE 
Or 


一 一 一 一 一 一 一 


多 Eve OPEC= ET7 


天 rPUzirr 古 e Prmzatipir 0 ertO1F 3 TAB FEPr Treeczeid FF 有 Proze 天 cz 三 
7rPHPected [5 万 。 Cr 详 Crid 万 -- 左 ve 一 玫 无 c7e 万 。 Cd 历 = 弛 Ganmrrete7 


LV Cerr 天 czx 和 TEATG reaeete 了 f{ 尼 CC 己 也 Dec 2 万 15 
Cr 

Erptazizrz 5 CPURzi 玫 e 必 et ETPBF EPETETRETIE 瑚 人 严 红 Dec 207 反 2207 万 
Cr 


了 THEe Co 丽 e EZPeErEmrzeTtCE Ce 0 性 et0PS rmB 1D 万 md 瑟 e 
ziCrpeELeAAGA 太 OZ 


( 严 - 手 忆 也 Jrre 207 孝 


2 二 Feartozma 等 une ph 
PPxptzmatioa 0 thec Formztion of Newton7s 及 imPs 一 了 TP= fmTT2QUOn CE 
C2P De cxPiaincd with the PeiP Of 有 2- 2-134- 入 叫 is 王 
VGNACTTITTTINIC 8 《7 下 2 扩 7 沁 入 3 隐 坟 经 ]js om :he 2C8T- 广 Parr 和 5 CE8ccted 王仁 
条 玉 入 2 CU 和 te FrTn 018 ray whezut 2nD7 Phasc reEvcrs2a 了 JPpe other Pa 
际 ze82acA2dj aezpi2 CD 入 1 Fint 门 入行 a22ajin Tec 由 ccted 2nd 2ocs OU in he form 
64 ray 2 milp 2 phase rcvcrS2 Of 7 The rcfjccted ray5 1 2pd 2 2re in 2 Position 
10 Jrzezfoce jintcrfcrcnpce frintcs 25 tbcy hzave beccn dcrived from the samc Tay 
启 哨 azdj Perpce 8 用 耻 ie cezpditgoom 本 
(1 jinilcrfcrcrnCcec， 了 pc frintcs 27c 
Circujar pccausc th 2jr 有 Jrmn 于 
5SYTTITTMtrIC2 2hbx7ut thbc Pojint of 上 
Cozntlact rc 于 thc jcns with thc pjanc 
2J2ass 记 1atc- AS thbc rings 2rC PP 
cbewcrvcd in thc rcfcctcd Ji2ht， 


也 cvte7y75 7 太 甩 名和 


D 一 一 六 cdze iim 
6f Air 


fbec pzalhb 二 他 crecnce bctwccn thcm 因 同 了 
有 FiB- 2.74 Wedadge Frzz or 4 矿 
2Htcosr 十 7./2 
1 For air 有 jhm， F=] 

1 For normal incidcncc， Fr0 


Pathb diffcrcnce = (2t + ML2) 
Al thc point of contact ! = 0 and the path difference is 7 /2， which is ， 


j 站 r 二 站 昌 
Condition of minimurm intensity. 


1 For n 中 maximum， we havc 

2 + 和 /2 = n 和 
This expression shows that a maximum of a particular order n will occur 
/for a constant valuc of (. For different values of !L different maxima will occur 


Diameters of the Dark and Bright Rinps -Let LOL' be the lens Piaccd 


一 RE 
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68 ”Engineering Physics 


己 


on a glass plate AB. The curved 
surface LOL' is the part of spherical 党 
Surface with centre at C. Let R be ie 六 
radius of curvature and rbe the radius 了 
of Newton's ring corresponding t9 the 


1 


z 
oo 


[7 


Sonstant film thickncess 1 

2tU+ )V2 = n 入 
or2t= (2n- D XV2、forthe bright ring 
where n = 1、2，3,...etc. 


YY: 
and 2t = nX for dark ring、where 、 世 
mn 三 0、1、2，3....etc-. HF 一 r 一 | 有 
As in air-film.t remains constant 


along a circle with its centre at the 
point of contact the fringes are in the form of concentric circles、 Sinu 
fringe is a locus of constant thickness of the air-film, these are knowees 
“fringes of constant thickness as 所 

From the property of the circle 

NP xNQ =NO xND 
Substituting the values， 
rxr==txCR 一 D 
= 2Rt 一 蕊 = 2Rr (Capproximarely) 


上 
, 权 


工 
2 2 到 二 一 
咏 _ 己 =2RI or ( 2R 


Thus, for a brisght ring > D 
2 -Cn-DX2 or 呈 = 宫 =DAR 


2R _ 2 
Replacing r by D/2. we get the diameter at n bright ring as 
D2 (2n 一 DXR 
二- ” 世 
oO D= VJ2iRwv2n-lorD = v2n=1 
Thus. the diameters of the bright rings are proportional to the squane mw 
of odd narural numbers as (2n - U) is an cdd number Similarly for a dark rine- 


2F 站 
2 一 2 
r2= DR 
Dz= 4nR orD = 2、nR 
cz D =- 


Thes、the diarneters of dark rinss are proportional to Uhe square rootse 
Daseal pornbers- 


Deserrination of Wavelensth of XIonochromatic Lisht (Sodius 
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Wave Optics 69 


Light) 一 As we know that, the diameter of the nn dark ring in Newton ring 
experiment is given by 
D32 = 4nXR 2 
Similarly. the diameter of the (n + p)h ring is given by 
Dip = 4Cn + P) AR (ii) 
Subtracting equation (i) from (ii) 
Dap 一 Di = 4XRICn + p) - n] = 4p 入 R 
二 < 
区 过 Pan+p 三 电 a 
本 4PR 
However. the same result shall be obrtained by using relation Siving the 


diameter of nh bright ring. 
CC.T77. Exzp1airz te mazatjzerrzcticezz treatyzzzerzt ao 夏 7Vewioms rirz8s- Descripe 


1z exrPperiryzeral toO cteterzzizze tiPe reractipre iazder or 1igruid mitp tpe Fe o 矿 
(R.G. 己 KK，PDec. 20735) 


Vertorz SS rirzgs- 
4rzs. Mathematical Treatment of Newton'”s Rings -- Refer the ans. of Q.16. 
Determine the Refractive Index of Liquid by Newton'"s Rings 一 FirsUy- 
the experiment is performed when there is an air 和 Im berween the Plano- 
convex lens and glass Plate. The system is Placed in a metal conrainer The 
diamerers of nh and (Cn + P)h rings can be obtained by a travelling microscope- 
Therefore、when their is air 人 lm between gSlass Plate and Plano-convex lens， 


we get 
D3 = 4nAR and Di+p = 4Cn + P) 和 R 


2> 2 。 
交 Dan+p 一 Da = 4PXR “af 直 

Now the liquid whose refractive index is to the determined is poured in 
the container without disturbings the whole arrangement- Asgain the diameters 
of nmh ring and (Cn + p)bh ring are determined. Therefore、 when there is a liquid 


和 Im between Plano-convex lens and glass Plate、we Se 


了 nXR. 
Dz = and 了 和。= 4+DPAR 
上 
“2 “2 4PXR ea 
喜 下 党。 一 万 他 = 一 -Cii) 
是 
By usings equations (iD) and (ii)、Wwe Set 
> 2 
Dan:p 一 Da 


下 = -一 二 六 
Dorp 一 Dn 


CTS. WUTzte sjzort maote 0O1z VeriOTS rzS IIP Hite Li 
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As When moncchromatic Hisht is used. Newton's rinss are altecrnatcly da 区 


Tes cmly ss :ecw rinss w 刘 be cjcaz while other ringss canpot be viewed 


一 
二 ” 台 T9. Erpicim Ie corstraecsiom 1ad rorkinag-O 厂 ficpersorz3s irzterfero- 
环 czer jit Ice peip oa meal diasramr  (RGPY，Dec. 2008，JJrere 2071j 


YY noting their Positions. the wzavelength o 

= SETczal 32CCHTacy- 入 jjsht ray js divided into the two 
Pearzs by Pzriiz] reficction znd Partial transmjssion- 

Conmstrection 一 Thbz opticzl zarrangerment of the Michelson's interferometer 

和 还 Showm 站- 2.16. 了 consists of two pjane mijrrors Mi zand M2 and the 

OPESaDY Pizne 引 jzss pjzacs P; znd P: of the same thickness. The mijirrors Mi 

ad 4 ze sjvcred om their fronl surfaces zand they are mounticd on twoO zs 

1 Fnmetezy Perpenmdiculzr :0 cach other Each miror js Provjided with the three 

了 viin srcezs7aa js baci- by which it can be tilted on thc horizontal and 

Tec zcs. Thpe mor NM2 is5 cpt stztionary whjle the mirror MI can be 

EDOTYCE CT = 2< Dy IDpe2ns 0f 2n accurate mjcro-screw such that its newW 

Pen 下 c72ctiy Pazaj 了 ji to its prevjious position. The distance movcd by the 

THTOr Cam be rcad om 2 2C2Je with an accuracy Upt 10-5 cm (or 10-7m) Plates 

下 cd PP 荆 = Jept exactly Parallel to cach other and incjined at an anglc of 45” 

和 omp the mmirrors Mi 和 3 M2. The surface of the Plate Pi which is towards 由 < 


于 wm an 叱 ye 


”ipg- 2.716 Peiperirrzerztal 4rrarrtpem1te12t OF HA1icje1sorz3 11zter1erorrzteter 
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mcnt by which we can obtajin the jnterfecrence . 


EYE OPEC=s 7T 


Pjate P2. is Partiajy silvered and thec Pjzate P2> is corpPpjctejy trzmsParecrit Pfzae 王 > 
和 i Known zas thc cor7zPerzsCEi122 PVA 了 PC Tim2Cs 去 by a tjiescope 丁 

VWVorking 一 [Light rays frorn zm 上 SCOTTCC 与 25 忆 
incident on the pljatc Pi in forrm of2 Fz 
Point OO of the Partiajljy sjjvered surfzace 
Teficcted and Partiajjy transrmnittcd. Jijpos. ， 
which travejls Iowards the mnirror NI zc 
itDwards the mirror NMD2- Both of these rays 2ct 
NM2 respectivejly. Thbe rays 上 amnd 2 rcflccted fczrmn 0 
retbnitec On the pjatec Pom whecrec :hec 天 
Te 有 cctcd and thcn thcy cnter he :cjcscope 本 Sincc 
the sarmec jight sourcc. hecnpce thcy arc coherecnt TPcec 7 
行 ipges zarc formed which can bc scn througsh hec 

Function of Compensatin 名 焉 Jate 下 2: 一 Frorn 用 
thc function of tbhc cormPpensating Pjztc PP 入 用 cr pz 
O. thc Jight ray 1] Passcs thc P]atc Ptwo 0 
whjijc aficr pzartjal transmission at thc Point (Jihbe 
Pjate 忆 ，al 3 bcforc recachin2 thc icjcscoPpec- JPpboas In a 
thce optjiczajl pzaths Of thcsc ray5 2rC nGE CU32T 了 Do IT 
P2 of thickncss and rnatcriaj sarnc 25 thal cf 1he PP 
in the path 0f thc ray 2，cxactjy Parajjcj to 寺 
Cajjcd !hce cwrzzpe7zSCLi7zU PLcrle- 只 crncrnhber :al tbc DOmjiy Gi 
Pi and Pjatc P2 is that thc platc. 了 > is perfccty transpzarcnt wii 
partiaJJy sivcrcd 

他 .20. /Jescripe tre corzstrzctiprz CIOO1AKE1TBG CO AicjretlsovrzS iterferorrrzete 
EDpLeti1z Lie Prirzciple 0 1Prrzrziatiprrz of circrelctr 万 ages ( 民 忆 尸 人 Piec 2573 

CO 六 

EXPLeaxzi1t Le WOFrKEB Of HicPelsorz 人 itzter1erprmyzete 广 厅 oo re ypDz 
PrOcltece circetctr Jrirages Wi 下 2 ett 上 1e rese Or coazyzzPe1tSCAEIIG Plerte Er 
寺 - 区 (PC. 己 W， -rerrze 20735) 

725- MTichelson's Inpterferometer 一 只 cfecr ihbc 2n5s of CT19 

Principle of Formation of Circujlar Fringes 一 Circular frinPecs 2 
Becncratcd with monochrornatc HBhlt in 2 Michecison intcrfecrormctcr Herc thc 
mjrror MI and thec virtual mirror M2 which 15 thc imnagc of NM rmDOSL be 


XSCTIA 江 


Paraljcl (scc 有 有 中. 2.17). 
了 he source is 2n cxtcnd one and Si and S> arc (he virtual imagcn Of (ypPec 
SOUrcc duc IO MI 34n0d NM2 . The distance bectwcen Sand Sis 2d when the 
is dd Thec path d 作 crencc bectwccn Ithe :woO 
the rays for which 2d cos6 = DA w reinforce 


distancec bectweccn MI and NM?2 
bearm5 will be 2d cosG. Henc 
to _produce maxima. Thesc circular 仿 ngcs wbich arc causcd by interfcrencc 
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妆 Engimneenno Physics 


with an Phase difference determined by the inclination 6 are known as fringes 
ef equal inctination or Haidinger's fringes. If MI and M23 coincide、 the path 
二 ierence is zero and the field of view is perfectriy dark [see fis. 2 18 (b)]. 


Si 
2 | 要 2du cesy 8 
M 
| - Nt 
Eye fa) (pb) (9) 
Fig. 2.77 Fie. 2.78 


When M? is nearer the eye than MI the fringes arC 3 shown 加 
fg. 2.18 GD. If M1 is farher from the cye than Mi. the fmingcs arc Shown 
in fgR. 2.18 (c). 


Q@.21. Dow AMichelson' inrerferomerer carl Be rsecd Jor meaSUFAS 
wayvelength or morocjaromzatic Figjar ? (R.G. 己 Varae[uly 2000) 

Ans. After adjusting the interferometer to Set the circular fringes， the 
mirror Mis moved with the help of micro-screw and it is adjusted ina 
position such What a bright circular fringe is seen al the centrc of ficld Of VICW 
In this condition. if the thickness of flm is tand order of thc fringc is nm then 
for the nth bright fringec. 


* 2t cos T = n 和 “过 徐 

But nt the centrc 六 全 (P 
cosr= 1 _ 
Hecnce 2 = n 入 (ii 


Now、if the mirror Mi is movced a distancc 7L2 ahead or backward、the 
thickness of he air 人 lm formed between MI and Mincrealses Or decreases 
by 和 /2 duc to which (the valuc of 24 increascs Or decrcascs by 六 and now 
either (n + 1l)th or tn - Jith bright fringc Is obtaincd al (the ccntrc of fcld of 
view. Thus. if on displacing the mirror MI by a dixtancc x。we Beltn + N)th 
er fn - N)th bright fringe in thec centrc of Pecld of vicw. then 


2(( 土 x) 拓 tn 土 ND) 和 


(1) 
Subrraecting cqua0on (1) from cquation (60)，we get 
2x = N 和 
要 ZX 
= -fivJ 
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Thus. by measuring he displacement x of the mirror MI with the help of 
micrometer screw and countins the number of bright fringes N which passes 
from the field of vievw、we can calculate the wavelength 入 of light-. 


.22. Descripe cormstrrictiorz cz NOrKITTS QicPetsorris irzter1yeromterer 


WE Preal ciagrar7t、 万 oo 这 carz De rsedl io ctetermtirze 11e marelerRtP ao 矿 
(R.G. 己 FE，7rrre 207 才 ) 


7T1O7TOCPrOITICGIIC ES 了 
rs。、Refer thec ans. of Q.19 and Q.21. 
@.23. Descripe tiPe corstrrecrtior 11CG HHOrKITIBS OF 1ic1elsom s 
Przterferorzeter 广 Explairz tjze Prirzciple or Jprrmzatiorz or circrlar_J7rzrazges Tom 


Wi yore rese teseJrzrrges ina cteterrmzizzatiorz OF HGPelerzSt1 OrzO71OcHromtaric 
(R.G. 忆 Harc1rvLd4Ppri 2070) 


Ag ? 
4rms。Refer thc ans. of Q.19. Q.20 and Q.21. 


CC.24. Pom Hicjrelsorss inaterferomzeter dre rsSecl to cetermiirzaliomz O 矿 
(R.CG. 严 下 ，PDec- 2003) 


di1jererrce zi npo mearly cqrGL HGPelerzBt1 了 

47zs. Ifihe given light source emits light of two ncarly cqgual wavyclengths 和 1 
and 2. If 和 XI > 和 2 and thec differencc in 和 and 和 2 is very small thecn fora thin air- 
film.、bright fringes of 入 nearly coincide thec bright fringes of 和 2. IF the Uhickness 
of air-flm is incrcascd by moving the mirror Mi，wec fnd that the fringcs of 
wavelengths 入 and 和 2 get secparated and ultimately a stagc is reachbed whcn nth 
dark fringc of wavclength 入. coincidecs with the nth bright fringe of wavclength 
72. In this condition. the fringecs have the maximum indistinctncss and thecn 


2t4= 人 Cn-DA and 2t=n7X> :二 


Now he mirror Mi is further mmovcd till thc fringes after pecoming distinct 
once, again beccome indistinct. Let the displaccmcntof mirror Mi bc x.OPpviously 
duc to a displaccment x of the mirror MI N fringcs of wavclcnglth 和 and (IN + 1 
fringcs of wavclecngth 入 Pass from the centrc of ficld of vicw and then (n + JND)th 
dark fringe of wavclength of 入 again coincides with (n + N + J)th bright fringe 


of wavcelcngth 入 2. Under this situation， 


2(( + x) = [2(n + N) 一 中 和 and 2((+x) 王 [n+CON+IDIX2 (ii 
Hence from cquations (1) and (11)，wec gct 
2x = NI and 2x =(N + 1) 22> 
N= 2x and (N+D= 息 -iii 
-1 要 7 v2 
久 1! 一 久 
六 2 1 
和 2 AI 入 172 
2 2 
_ 昌 入 JI 记 2 六 村 本 
Xi =“am 汉 := 7 , wherec 和 av = 和)7> (iv) 


OF 
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Q@.25. How Michelson' interferomieter carr pe 1Sed Jor dieterrmraziraation 
o 太 tickness or a tpimn plarte ?> 

人 ns. Micheclsom's interferometer is set for localized fringcs of whitc 1ight. 
The cross wires are set on central fringcs. Now the thin platc is introduced in 
one of he intcrfering rays. We know that the introduction of na plate of thickness 
tand refractive index h inereanses he path by 2(h -1 Thus the fringes shift 
from their positions. The mirror Mi is now moved either backward or forward 
ti the central fringe coincides with the cross wire. The distance x is moved by 
mirror Mi is noted with the helip of micromecter screw. Hecnce 

>" 2x = 2(h 一 1)1 
X 
臣 一 4 
@.26. Discuss the Macj-Zejrndier inferferomefer 
? 


AmS. Analogous to the Micheclson interferometer the Mach-Zehnder 
intcerferometcris decpendent on the two-beam interference by amplitudec splitting 
of the incoming wavyc. Pig. 2.19(h) shows the two wavcs movec aong differcnt 
paths with a path difference As = 20 cos Oo Tnscrting na transparent objcct into 
onc arm of thec interferometer altcrs the opticnl path diffecrecnce between Ithe 
two beams This givecs in achangec of the intcrfercnce pattern、which Permitk 
和 VCTY 3aCCNratc (determination of the refractivec index of the Smplec ?nd iv 
Jocal varintion. Thus. the Mach-Zehnder intecrfecrometcr Inay be Considcrcd ak 
和 SCmsilivec refrnctormctcr. 

When the beam splittcrs 只 Band the mirrors MI My arc 5 Strictly 
Parajlcl. the path differcnce betwecn the two split bearmns docs nol decpend or 


the angle of incidcnee 0 becanse Ithe path diffecrcnce betweecn the becarns 1 and 
和 和 cz2ctY COTnPpcnas 


tedl by the sanc Path IJcnjth of bcarn 4 bcltweecn Mz2 and 
隐 7, Which is shpown in 人 2.10 00 This inplics that the intcrferin 和 wzavecs 御 


人 ec syrnrnetric interferormicter (withool sarnpjc) XpPerICnCC 1 2900 和 人 


帮 玫 crecncec on te sid 人 PS 600 he chbexl Path in 有 和 2.19 107) Thus, he 
TGt path 四 fference is Zero withoul the 


nplc, Ti As -17)T with te 
SUH1TRG having ihe rcfracve idecx nm in conec arrmn of he interferornectecr 


4 
LOj eermzeic 4Ar7U1BGA1TTC1NE 《5j Patp Dererree petwep 


Le To Paarallel Pet 
1 QDII HU1uecj-Zerrder 11ier1erorzzpter 
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AP 
1 


BT1 
171g. 2.20 1Lzser Praferferorzeter Jpr Sernsittpre 1yqeczsreremzers 2 LOcaA 
Varierliorrs OU1pec 17zzcexr oo Fej7ecriom 7 tertcfecf ,Sexrzz1zjes Jpr rar11PLe， 
111 1 COPC 0 Ce Ferrzye 

屯 xpanding thec bcam on Path 3 providcs an cxfrcndcd interfecrcncc-fringe 
pattern. which rcfmects the Jocal variation orthec refractivc index. 户 史 .2.20 shows 
the path Jecngths in the two intcrferometer arms can be madlc differcnt withpout 
Josing& the conlrast or the interfecrecncc paltecrn usinp lascr as 0 HBPhI sOUrcc with 
8 Jarpgc cohercncc Jecnpth，With 2 bearn cxpamder (lecnscs 1 anpd 1 7) he joscr 
bearm can bc cxpancdced up to 10-20 cr 20nd larpc opbjccts con be 1cstcd 

Jn orderto optain duantilative inforrmalion ofrthe local variation of he PPtic 可 
Pa Prough pe sornplec. iis rcduircdl io Peneric mn frinpec Pintcrn for Cibpratiom 
PuUrposcs Py SBgPUY Ni he Platecs 用 MT an 用，M in Te 2.20，which 
1nakcs 1Ppc interferornetecr sipPUy asyrnmecrric， TI is considerccd hal 咏 and MI 
2C iecd clockwisc arouncd ithe x-dircclion by asrnzl anglec 请 npc ibe Piar 及 7 M7 
is 1lled ecountIerclock wisec Pby Ihec strmne pnpPlec 及 The opticnl path bectwecn 有 amd 
MT is Ipen Ai 20C08 0 二 用) wbile P7 MAo 20 06051017 一 月 Afier Pein 多 
TCCOTTPincd the wo Pearns Ibecrecforc havc Ihc polh diffcrcnce 

AsmAz 一 Ai 2 种 Cosfe 一 用 ) 一 COUCC 二 用 虽 
4 SUD0O Si 他 
Which depends on IPe pppUlec of incidencec 0，Por the plane of obscrvalon， 2 
interference Per of Par9llel frinpecs with Dailh iffecrecnccr Arn7 is ohbscrvcd 
Wi 0 1 人 UHF SDH AL Petween te frinme 1 Mn Fn 十 


xz 和 


】 BYVen by 


A 严 亿 帮 一 Cn) 县 AAATWiT 用 ceosrZ) ， 
AS2111DJe 10 PHalhp 3 10Urodoces 20 fdcdiional parth ffercnce 


Ag 人) 二 (一 JIVecos 搬 
区 让 Te 万 en2t 1 rougtPe 


JP 和 下 00 be jc reTTactive jn 
各 全 jj 了 He reesUDm2 PPaec 人 erenpeoe fs the intcrfercnec Porlkcrn by 2 
衣 和 他 AAA Ts wii npcs te 
Hzrfecrecnc0 PUT OO Ice Planpec ()，2vyes bc Da2 dstanCe 人 YY 二 了 A 
有 失 有 生 (7 帮 甩 天 有 Be aiUona Palp 全 玫 crecnee causescd Py tbe 


Fe 
jj) (1 LALA frinies- 


和 2 有 1 弛 1 5 1 iecrferecnee Paltcrn by 有 一 4 


CTTTTT 
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NuwmeRicaAL PRoblewms 


Prop.6. 1Jm Newtonm's rirgs experimzert ciiarmzeter or TO00 ctarK rirzg due 
io wayelemgtr 6000 4 im air 0.5 cm Find te radiirs oF crrvatrzere or tPe Lerty. 
(R.G. 已 人 ，Marcj/4April 2070，.Jrrze 20710) 
SoL We know that 

二 一 4n 入 R 
IL is given that 

n = 10. Dio = 0.5 cm, and 入 = 6000 入 = 6000 x 10-8 cm 
Putting these values in equation (D，we get 
(0.5)2 = 4 x 10 x 6000 x 10-8 x 有 

及 = 104.2 cm Ans. 


Prop.7. Newtonz's rirgs are observed mOr7zCIIy i7z reIected LigRtl of 
Wavelength 5.89 x 10-5 cm The diamzeter or te IO darK rimg is 0.50 cm 


下 ind the radiius of crrratzre or te Iems- (R.G. 忆 YY，PDec. 2010) 
SoL We know that 
D2 = 4n7R .全 
It is given that n = 10, Dio = 0.50 cm, 入 = 5.89 x 10-5 cm 
Putting these values in equation (i)、 we get 
(0.5)2 = 4 x 10 x 5.89 x 10-5 x 及 
记 及 = 106.1 cm Ans. 


Prop5.8. Jm an exrperimzert om Newtomss rirgs ipe ligjat jzas Ga Wareleng 绑 
of 600 mmz Te Iens jas a reFactire indexr o TI.5 arzd a racdiirs or czryratlure 
of 2.5 mm, 厂 mdl 纺 e radirs of ItPe 5 Drigjat Firzge- (R.G. 已 到 ，PDec- 2003) 

SoL Given that 入 = 600 nm = 600 x 10-? m, R = 2.5 m. 册 = 1.5 

Radius of 5 bright fringe， 


呈 至 E 


汪 芝 


-9 妨 
= 0 = 2.6 x 10-3 m = 2.6 mm Ansa 


HH 
Pro5.9. Jm a Newtorm's rimgs experimzertt pe diarrzeter o 丰 1Pe TI5h ringhy 
was formmnd to pe 0.59 cmz and Pat of te 5 内 rimg was 0.336 cm 矿 iPe ra 
才 ie plIamro-conrex Lems 过 TI00 cm Cacrriate Re warelemgtP or 1igjrr rs 经 
(R.G- 已 V, JamFe5. 2006, Sept 2009, Dec. 20 于 
SoL Given_ Dis = 0.59 cm Ds = 0.336 cm. R= 100 cm.P=15 一 5= 兰 


(Dis5)2-(D)2 (059)2 一 > 
本 Waveiecngsthb-. 久 一 一 5)- 人 ) (033G) 


ss 


4PR 4x10x100 
7 = 588 x 10-7 cm = 5880 x 10-10 m = 3880 入 As 
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Prop.70. 11zz a Vertorzs rirzg experiyzerat tPze ctiarzzeter or 5 cterrK rarzg 这 
reduced io jatfrorits pralree aierPpiacirzg ciGgreicl Petpeerz Parze. Class Piarte arzcd 
compexr Surface. Caicreiarte tiPe rerractipre iazdexr or1iqriC (RGC PP，PDec. 2072) 

SoL Let diameter of 5 dark ring in air is x, then in liqguid x/2 

We known that， 2 


2 2 2 
D i 实 2X 
Refractive index， R = 三 《 32air 一 ( 】 一 ( 】 一 攻 Ans- 
(Da)iiq 基 多 芝 


Prop.77. 4 tpPim egricorzyer 1eras o 丰 Jpcal 1erzgt 严 也 mrzetres czd reFractiyve 
inder 了 .5 rests oz ar1acl is imz corztact ywitPz crz Opticalty zeurt Stass 记 1aate、 Usizzg 
jjtaofwarveierzgt 天 53460 ,Vertorz 72SS Cre yierredrmzoOr7z7zaiy 万 y rezectiorz- 
jat xs tpe diamzerer or tiPe JP PrzgPzt rrzg 了? (RR-CGC. 亚 下 ，.Jrzerze 2003) 

SoL Given， 

F = Focal length = 4 m, 上 = Refractive index = 1.5 
入 = Wavelength = 5460 和 = 5460 x 10-lI0m.n=5 

In equiconvex lens, the focal length and radius of curvature are correlate 

by the given relation 一 


二 
2H 
锅 R=2hF=2x1l5x4 =12m 


We know that the diameter of n bright ring is given by 


4R(2n 一 1 一 
1 
上 2 


4x12(2x5-Dx5460x10710 
2x15 

Da5s = 8.867 x 10-3 m Ans-。 

总 人 7ma a AdficFersor 和 s imzterJerormzeter experimzerzt 大 e readciirzss wo 厂 
间 CE Positiors or tiPe mzora1e mzirror or tiPe mmzacirrzrtzzz ciistirzctrzess 
were Jorrzad to De 7.2829 mmzrmz arzd 7-5774 mmzz7z- TriPe mazeamz 
emBtP or Sodirrrmz 四 -Lirres is 5893 全 ,Jirza re djeremrce Dempoeer rpe 


pro mparelemagtFis- (R.G: 已 K， 4Ppril 2009) 
SoL In Michelson interferometer 
好 
和 一 = 去 
Siven ”和 = 5893A = 5.893 x 10-7 m 
Xx= 1.5774 -- 1.2829 = 0.2945 mm = 0.2945 x 10-3 m 
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7 Engineering Physics 订 
(5893x10-7) 
过 网关 夺 一 
2Xx02945Xx10 
)N -和 = 5.896 信 
Wiow pgiz (4= 589 DPI12) iuermzimzates Q Micjzelsons 作 
nteh 


Prop.713. 也 
Jeromteler Hom ma DrigjtJringes Y 训 Be cornzled as je mirror 站 册 
Opel 


trorg 有 了 cmz ? (R.G.PR,， June 功 1 


= 5, 
896 x 10-t0m 


SoL Given, wavelength 入 = 589 nm, x? - xi = 1 cm 
In Michelson interferometer, We know that 
2(xo 一 
六 人 = (x2 一 XI) or N = 人 xD) 


Now putting the given values，We gct 


2X1x 10-2 
-一 一 -7 = 33955.86 = 33956 fringes Am 


NE 一 
589x10- 
Prop.14 JaMicjeksomz interferomtelerjJora SOdiumz IDD 太 edistont 
DeEaraIiCce 这 0.289 mn 


1Pe mairror peteell ty0 SICCESSiye disap 
tje wavelertgtjs oftje 万 ) aad Da 1iles of SOdili 
(R.G. 忆 VDec. 200 


-0289x103mand 入 =5890 人 
ength of Di and D> 


trayersed Dy 

Calculate ne dijference 丙 

Lamrzp. ASSLUTIDIIBE 1 = 5890 4. 

SoL Given, ! = 0.289 mm 

We know that difference on the wavel 
Lines of sodium lamp 

和 3 G890x10-…) 。 -60x10-0m=6A An 


= 2! -2x0289x10 


Pro5.15. Ja a Michelsoms imterferomteter 790 Jrirzge 
View Pen tpe 1zoyapie mirror 这 displaced 17rorg 有 2.33 了 X 了 70” ml 
te wayelengti or mmorocjromatic 1igjnt Source. (R.G. 已 几 June 2 

SoL Given, number of fringes, N = 790 

xo 一 xi = 2.33 x 1014 m 
= 2.33 x 10-2 cm 
We know that in Michelson's interferometer'， 


N 
和 = (xz 一 XI) 
where, 入 = Wavelength of monochromatic light source 
790 
玄 入 = 2.33 x 107 
233X10- 人 4 
站 各 am -5 噬 5890 
355 5.9 x 10” cm 


Wave Oppes 力 
Poh16. DYseriae Michelvonsyinferyerpmeferond how wiirow maswre 


中 Ferenee 问 wanelenRgths orrpen waves wii Yichelronyiny 
cm 防 c 二 stamce herween th wo wuccexxire Ppririonmsy 风 0 


Miechelson inmrerferpmerfergiring pewr Jrim ex 
2 jines of waveleng 内 5890 1 amd 5 9 全 站 交 0 
SolL Michelson s Interferometer - Refer the ans of Q.19. 
Measure Small Difference - Refer the ans_ of Q.24. 
Secccessivc distancc 


Ia2 
人 
Given，)= 5896 人 = 5896 x 108 cm 
)2 = 5890 人 = 5890 x 10- cm 
Substituting values in the above equation. we obtain 
5896x10xS890x10 飞 


2x10 飞 x(S896- 5890) 


= 0.029 cm Ans. 


人 27. War do You mean py dijracrion or 大 丰 2 Give is pes. 
(ROCPT，Pep 201 人 

AnS When light falls on obstacles or small apertures whosc size 1 
comparmahle with the wavclength of light there is a departure from straipht 
ee Prmopafaton, the 1ight hends round the corners of the obstacles or apertures 
ad cnicry in the geometneal shadow. This hending of leheis called wirecuion. 
1 wa found that diffracton produces bnght and dark fringes known ua 
Aracton bands、 Inngcs 
Te diffacuon phenomena are broadly classified into two types 


们 Preemel DJrocfion - is that in which either the Point yource of 
人 spen of baxh arr l Tintte dstanccs from the obstscle ldeals wath no Plane 
wet 1 CaPenIDCOY NIple bu hec aialysis Pruycs tu bc veiy whitcwk 
(Fraunhejer MU1racnion - Is that in whach the source and the 
Acm jc ffectvcly winbnitc dsanccey ftrom the wbstalc leat wtth 
xd Ta asd 用 ape wavcfronls The conditoes redutred kr Fnaunlwfer 


2 
Siaom we Ely mhicyed using ienses Tan be reaily establvhee tn the 
aatwy 


CU Ts problem is nple to headlle ne ally 
0 bn 


2 he 18ys ae parallel 
修 Ohngaish perween jyesnely amd Hraunho1er dywcuion. 
(RCRPRVN，peth 3 肖 1 仙 
Te dfepence between yesnel and Fraunhofer dhfimectkn are 融 


恤 ) 


SoD Eeeemne Phses 


FreshoFer DED7reacrion 


Te seourece and (he Screen are 世 
infinite distance from he diftfracass 


se frem the 


| asFexzeuare、 aPerture、 

KR | ssnel feedeon. | For trhis single-double are Plas 
| ssdL_ diftraction sratinS are Used- 

Ca |} AN ME 衬 Versent The wavefronts nre Plane whics 
| ssezr sheaneal amnd cvlindrical、| is realized hy usings convex lens- 

tv NS ROSE SSK ensess ae used tec | Dittrracted lisht is collected by zs 
| wseevatteoea- lsns as in a telescopPe- 


QQL2e Expisin 过 e GDerermce Pepneeem iprerferenmce arzd ci1racrion 
ES 并 (CR.G. 已 员 、 Dec- 201 
Or 
PEscmss GEEReremce bereeen inrierferermce ad dpmacriorz or isjir 
(R.G. 已 风 ，_JJreme 20F 


Or 
下 msz Foer ceremces berneeer inrerferemce arrd dmacrorz- 
(R.G. 已 克 .、 -Jreme 2016 


从 Ps、Tbe ditfference betvween interference and diffraction of lisght are = 
人 一 


Dip7racrorr 
Imseriereece Dakes Place berween | Diffracion rakes Place whben secondan 
twe separate wavefronts wavelets orisinatins from differecs 
ocisinating from rwo coherent | points of the same wavefront- 
sources- 

Frinse widh mavy or mnay not be 
人 日 rnaxtirnas are of samne intensicy- 


Frinses are not of the same wid 中 - 


Maximas are of varying intensity. 
Tbe minimum intensiry resions | The minimum intensity reSions ar 
ae usually almost Pertecdy dark | not perfecUy dark- 


CC.30. Opraim ar expressior Jor maarimza aradl mmzirzirrza cree to ciHFactie 


or Fisiar DYy simSte SEEr (R.G. 己 只 ，PDec. 207 
Or 

天 xpriair te corzcditiorms Jor mazaxrinzrza CT1aci ITzi7zi772C Dr ci1fraction 术 

SimStie SI (R.G. 已 内， 4Priz 2009，_1rerre 201 


如 ms. Fraunhbofer Diffraction at a Single Silit 一 By the HuygSgen's wa 
theory. the plane wavefront is incident normally on the slit AB and the posit 
of the incident wavefront at any instant tis AB. Secondary wavelets are emnitk 
out in each direction- The undeviated wavelets travelling in the direction 
incident light get focussed at the point S' on the screen，、while the wavek 
diffracted at an angle 9 are focussed at the Point P on the screen- 


us- 
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wave OPIC= 


Sinece the oprical 
path ef the Peints 号 
fom each FInI of the 
PianeABIS equal bence 
ail the secondary S 
wavejets reach the Peint 
S in samec Phase- Thus 
thers will ke the maxXi- 
mamintensity of lisht at 
the point which is _ 
shewn in fig. 2.21- Fig. 2.27 Frarrzjzaofer DiD7acrior 2 

Ta find the intensity of lisht at the point P. we dro zzSZIe .SZZZ 
frem the Point A. The optical Path from each Point 本 normal ANIM on 瑟 
Peint P will be equal- But ANM is not the wavefront si e Plane ANIML 瑟 
OOTENTES ince ateach poteoQ 

ng the Point P from the points A and B diffracted e between the of it 

But from right angled triangle BMA- at an angle e is Xavslers 

BM= AB sin 9 二 已 NM 


Path difference A=ABsine6=asine 


2 区 
Phase difference = 丸 X Path difference 2 工 
Letthe slit AB be divided into n equal parts = 人 xasine 
"cach Part 
bei sa 
--Gi) 


a Secondary wavelets. Then the iff nn 
- Phase difference S 
betw the SO 


at the point P from any two consecutive parts ii sen th 
Wi es obaa 
x 亏 xasine xi 示 obrain 二 
By the phase diagram method ii 
shown in fig. 2.22. VE 
BE 
R。 = 放 宇 必 亿 
sin(8/2 ii 
) ) 
Substituting the 
站 浊 1 
equation (ii) into equation Gy 有 
sin( msine 
Re= Ax 入 
sin( masae ] .Civ) 0 
n 天 到 
Let zsin6 _ 22 忆 
7 
MazemouDia 
玉 7>， 
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EE. 


Then Ro= A- iiR -Asinp [Since nis very large then sin pn = pml 
sin(p/n)  p/n 


习 大 SInp 人 


P 
Now 让 9=or8=0or p=0(ie,ifall waves arein same phase), then 


Li Sinp 
p- 狼 了 4 
Ro=nA 


am Re = | 
了 ding to 由 
The msulant intensity at the point P on the Screen corresponcin8 


Sinp (yi) 


angle of diffraction 9 is 
2 
1wR 
3 .人 (y 放 
1 = kRH 中 kR0 
P 
pr (vi 这 
10= KR 
0= kR3 ， ,ss(i) 
( 吕 | 
久 p Minima 由 


Maxima of 
dL _0 


Sondition for Maxima and Minima - For 


erivati 5 二 到 
auve of1 with respect to p must be zero, 1 dp 
本 1 sinp 下 
| 天 8| 1 
寺 p ] 
> xxe] peosp-sinp] -0 
P p 
1 


either 学 =0orpcosp 一 sinp 二 0 


人 inp -= 0，the resultant intensily 


Bul tt : 二 
IL is clear from equation (ix)， that 江 本 


<0. He 人 Si 
nce | 一 ?| ditiol 
一 |=0 represent the con 
Tspresent p 


condition of maximaL 


1 P will 


ofminima Then tanp 一 
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For Minimwumn 一 


sin P 
When “有 O0， 
P= 三 土 式 .27c, 3 区 -mnZXC 
Tasine 
Or 六 一 十 mm 
Or asin6= 土 mm 人 
where m = 1. 2. 3 and Imin 三 0 


For Maximum 一 tanp = 王 P 
To solve cquation y = tanp and 
y=pP plot the graph betweceen them. 


pP=tanp is valid atp=O and at 
close to P = 37C/2。5STC2....。 Fig. 2.23 了 = Lamz 己 cady 三 已 Curres 


Q@.37. Derive arz exzpressiorz Jpr inzterasity cistrzprtiorz ceie to 下 rerttrz1za1er 


carcrtiorz el a sirzgle sLEL (R.G. 忆 只， -Jrerze 207- 入 ) 


4rzs- Refer the ans. of Q.30-. 


Q@.32. Deripe tpe corzctitiorzs or mazaxirzzE G12C maz11i171G .Or doOrBPIe sz 
cfractiorz Patterrz arzct tiPereBpy expiairz IFe terrm7z “1zissirz8 Order 
(R.G. 己 KJarz[FeD- 2008) 
4ras. Let AB and CD arce the two narrow slits each of width a and with an 
opaquc spacc b in betwececen them as shown in fg. 2.24. 

From the slit S. a parallel beam of light falls on the slits AB and CD, hence 
the wavefront incident on the slits is a Planc wavcefront. At any instant L the 
position of the incident plane wavefront near the slits is ABCD. The each Points 
of thc cxposed parts AB and CD of the wavefront emits secondary wavelers in 
each direction. The 
undeviated wavelets 
travclling in thec 
direction ofincident 
light get focussed at 
a point S' on the S 
Screen，while the 
wavelets diffracted 
at an angle 9 at each 
Slit get focussed at 记 
the point P on the 要 卫 2 _ 
ES 汪 站 > 天 iig- 2.24 玫 rarerzPofer Diractiorz at Ga Dorpie SLEz 

We know that the resultant amplitudec on the screen because of the wavelets 
diffracted at an angle 6 at a single slit is 
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茂 吕 go se] 
P 


and Rno is a constant- 


Tasin6 


where,p = 


We assume that the two slits AB and CD with their mid-points O and 0O， 
Tespectively behave likec the two coherent sources. 


The path difference between the wavelets emitted from O and O2 at am 
angle of diffraction 6 js 


A = O2M 
But from the right angled A O2MO) 


O2M = OIO,，, sin6 = (a + b)sing = esin9 
Path difference A=O2M = esin6 
2 区 
and Phase difference ”中 = < XPath difference 三 


csin6 
The resultant amplitude at the point P is 


OT 


R= RS+R8+2Re.Re.cos 中 = ReV20+cos 昌 


及 = 2Re cos( 中 /2 s 中 = 一 2 os2 一 ] 
S 《 ) [-. cos 中 三 二 coS 2 ] 
stituting the value of Re then 


R = 2Ro[ sp jeos (中 /2) 
P 


Then resultant intensity at the point P is I 一 R2 一 工 = KR? 


和 由 
I= 4xgal se cosz( 9】 
P 
When 8 一 0?" (for the undeviated wavelets)p=0and 中 =0 
Then iis PR 二 1 and cos(2]-， 
pP 一 0 P 2 


Io= 4kR5 
Hence, the resultant intensity 


sinP 8 21 中 (iD) 
TI = 2 
of 】 cos ( 】 


The resultant intensity of light obtained at point on the screen dcpends on 
the following two terms 一 


2 
(On the term 6 。which rcprcsents the diffraction at the 
single slit- 
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(ii On the term co ? which represents thec interfecrcnce 


between the light waves diffracted from the two light sjits. 
Fr 


From the diffraction term ( 玫 ?) ，whben Pp = 0 (ie.,6 = 0?) central 
P 

maxima js obtained. On either sidec of the central maxima，we get alternate 

minima and subsidiary maxima- 


For Minima 一 sinPpP=0Oorp= 土 mn 


or Se 2 一 土 n 工 

or asin 6= 士 mX(where m = 1,2. 3, .... but m 关 0) ...(ii) 
For the Subsidiary IMIaxima 一 P 王 土 演 5 汕 到 海 - - -到 

or asin 9 = 土 3 和 /2, 土 SXM/2, 士 7X/2....- ---(iii) 


唱 
计 
半 
wu 
半 
] 
人 
上 
] 
并 


ooooosoossseooooooosoy So 


ooooooooeoew 


二 


n=7T n=6 n=S n=3 n=2 np=l1 n=0 n=1l1 n=2 n=3 n=s n=6 pn=7 

9 

fc) Resuiltarnt ntensity Distriputiomn Curpe JorDipractionmn afDoupile Siits 
Fig. 2.25 1ozterzsity Distripretiorz Crzerpve pr Dipractiorz at a Dorpie SI 
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2 。 。 
From the interference term cos( 和 ) we notice that alternate maxim 


and minima are obtained which are equidistant as shown in fg&. 2.25 (b). 
For Maxima 一 
cosz (9/2)=1 or d/2 = 十 nr 


Tesine 机 
QT 基 三 土 TI 四 
esine6= 士 nA (wheren=0.1....) (iv 


For Minima 一 
cos2(t/2) = 0 
人 中 /2 = 士 (2n + 1) rr/2 
cr esin6= 土 (2n+1) /2 Cl 


。 AR ; rn is 
The intensity distribution in the resultant diffraction Pattcrn 1S shown 


sinp】 
fis.2.25 (c.This curveis obtained by multiplying the diffraction term ( ] 


and the interference term cos2 (b/2). Thus in the resultant pattern、 We ee 凡 
interference fringes due to light waves from the two slits，the intensity 
which is affected by the diffraction at cach slit- 
Missing Order of Maxima _ Let for some value of 6, the following 由 
conditions be satisfied Simultaneously 一 


.(v 计 
csin 6 = 土 nX. for the interference maxtma vi 
and asin 9 = 土 m7X. for the interference minima 
From above cquations 
e 


n 
一 到 ; where e=a+b 
| m 


_Sincc n and m arc integers, hence the value of e/a will also bc 
and it will represcnt the order of the interference maxima missing in the res 
Pattcrm- Ifb = 3athene=a+b.a+3a=4a | 


an intcgef ， 
ultantl ， 


C mn 
- 三 4 王 
肚 m 
OF n = 4m. since m = 1.2, 3...andn=4,. 8, 12… 
Thus in the resultant pattern、the 4th order， gth order .... interfercnc' | 


maxima will be missing. 


@.33. Discress 上 pe pprerromztera for 天 rarrfraofer dijpractiorz ct doup1 
SIiL. Deriye tFe corzdiriorz Jor maarinrza cract mairzimza forctorpie slir ci1jzreurction ， 


Patterrz- (R.G.PY，Dec. 2071 了 
.47zs。Refer the ans. of Q.27 and Q.32-. 
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C.34 Descripe Frartrz1zaofer czractior cree io corpie siit mitp mecessa7T 
Jeory aad discrss tpPe imtermsity cistriretior TVV1zat are pe corditiors oO 
missiztg Ordders 了 (REG 已 Y，_Jrerre 2073) 

4ms. Refer the ans. of Q.32. 


0.35. Wjzatis tpPe cirfererzce Petweerz sirzgle slirarzdciorpiesilt di1Factiom 
Patterrs ?2 


47ms- The difference between single slit and double slit diffraction patterns 


are as follows 一 
Sirgle SU Di1ractiorz Partterrz | Dorple Siiz Dipractiom Patrterzz 
(iD 


In this. diffraction pattern made | Diffraction pattern mede up ofequally 

uP of a central brisht maximum | spaced interference maxima and 

with secondary maxima and minima | minima with the central maximumn- 

of gradually decreasing intensity- 
er 


Intensity I 一 io( se] 
C 


whbhere， ca 王 


四 2 
IntensityI= 4I。 王 后 cos-8 


Te 二 d)sine 
入 


where、B = 


e = Slit width 
本 For central maxima IT=I 


。 | .… For central maxima I = 4I。 
On increasing the slit width e. 

for a given wavelength of light 
the maxima and minima will come 
closer to the central maxima- 


On increasing the slit width e. the 
central peak will become sharper. 
but the fringe spacing remains 
unchanged. 


Q@.36. Discress 天 rarerzjzorer creucrior at a circrtiar apertrere- 

Ams. Let us assume AB be a circular aperture of diameter d、which is 
shown in fig. 2.26. 人 Planc wavefront WAWv' of monochromatic light of 
wavclength 入 Propagating normally to the circular aperture incident on it The 
diffraction beam is focussed on the screen by a convex lens.In a planc of 
Sircular aperture、every point of the waveftront is na source of secondary 
wavelets、which spread out to the right in all directions. The wavelets moving 
along the normal to the circular aperture come to focus at Po Because all the 
normal wavelets move the same distance before reaching the point Po and 
hence they all reinforce one another. Therefore Po corresponds to the Position 
of central maximum-. If we consider the secondary waves moving in a direction 
inclincd at an angle 6 with the normal to the aperture.、 they obtain at a Point P) 
on the screen- Let us assurme PoPl = x. The path difference _ between the 
extreme waves from point A and B is 

AC=ABsine6=dsine 
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Te Point PES of minimum intensity if the path difference 65 00 Po 
Pulipke ofx and of maaximum intensity 太 the path differecnce is codd ml 
of My2 ic、 

dsne = mA minima 
dsine=(2m + 1) 和 2 maxima 
where m = 1.2 3 .etc.The tenrm m = 0 corresponds to central rnaxirnerm 基 

if the PointPi is of minimum intensity. then all the points which ze 革 
same 由 stancc from Po as Pi ic.. all points lying on a circic of radius x- 5 
sf minimeasm :IntcnsitY. 


The point Pu trsces out a circular ring of uniform iumination- Hencs 挟 : 


看 fraction Pattcrn consists of a ccntral bright dics. callcd the Aimy sc 
sarrounded hy alternatc dark and bright concentric rings. called the ， 


rings The intcnsity of dark rings is zero and that of thec bright rings reds= 
Rraduaily oatwaris from Po- 


When the coliccting lens is very ncar to the circular apcrturec Or the screc 
到 忆 a largec distance from the lecns. then 


基 


-人 (于 
人 
where f represents the focal Jength of lens-. 


ln addaition. for the first seccondary minimum 


sin6=9= 


dsing = 1. 入 
GE sing = ad .sc(i 
By using cquations (iii) and (iv). we get 
x 入 
T=d 一 x= 仅 隔 4 


d 
where x represents the radius of the Airy's disc. It was represented by Ain tv 
ha thec cxact value of x can be defined as 一 


122 信 SU 
了 (VE 
Hecncec、the radius of the central disc is small when the diameter of txth 


X 三 


Screts 
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as shown in fs 2.27. Fig. 2.27 shows the intensity curves of he 上 


mx- Accordins to Rayieigh's criterion。、twD pornt sOtrces 2rE resx 


by 2 opeical Instruiment when LUhec central maxirmurn in the diffraction Patscrm 


fr one faljs over the first mninimum in the diffraction Passcrn cf thec other amd 
Vice versa- 
Now consider the resolution of two wavcelengzhs 大 ，and 奔 、 


ee 


ac 


psttcermms of two wavclensths. The difference in wavclcngths is wech 


_pPrincipal maxima arce separately visible-. 


Principal 
NM ax 


Fig. 2.27 Wel Resolred Corrdlitiom 
There is a distinct Point of zero intecnsity in between the rwo_ Hicnce 起 c 


rwo wavcelengsths are well resolvcd- 

Now consider the casc when thec difference in wavcelengths 5 sepe 
such that the central mazaximum of wavelecngths coincides with the frst mac2 
of the other as shown in 人生 2. 2.28. The resujltant intensity curvec 5 sb 


hick curve- 


长 cv 二 i31E 
ie cea vis7 


大. 2 28S 
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A_noticeable decreasc in 人 
indicating Uhe prescnce of two ee 
wavclengths. Accordin& to RayiciS 兽 sultant 
they arce said to just resolved. 放 the {TW Itensity 

Wavelenaths can be distinguishcd 9 
onc another，when the differcncc 和 
wavcelensths is so small that the central 
maxima corresponding to twWO9 
wavclenaths come still closcr as Shown 
in fig. 2.29. Hence the two wavclengths 
are not rcsolved - 

Thus two spectral lines can be 
resolved only upto a certain limitexpressed 
by RaylieigP criteriom . 


@.38. Write short mote or di1yractiom BratirtS- (CR.G.PTY， Junre 2008， 207 
Or 


betweccen the two central maxinm 
a 


Fig- 2.29 Nor Resolred Coradirion | 


于 | 7 re Fel | 
站 iv issiom gratinrzg Wi te Hep oj a meal 
2 人 0 PE (R.G. 已 VW，Dec. 207] 

必 计 


Give comstruectiom amd theory ar piame trartsmzissiom Bra1EIBS- CPUairz an 
了 Op ， trarzs1zissiom BraIIIIES- 
expressiont Jor resofvinrg power Of piarre CR.G.PY,， Dec. 201 

Arms. The diffraction grating is an arrangemecnt consisting of sevceral parallc 
and cquidistant slits. each of cqual width- 

Construction - Let each line be of width b and the scparation bctvwecs 
the two consecutive linecs be xu The width of line drawn is opaque、whilc (hx 
Spacc _ between the two consecutive lines is transparent and bchavecs TiKRc : 
slit throu&gh which light is transmitted. This is why 1 So called 1h 
trarasmiissiom gratirg、Hcncc、 grating can be considered to be cduivalcen 
to N_parallel and equidqistant slits. The distance beltwecen the centres Of tw 


consecultive slits is a + b (= ec.、say) which is callcd the grating clemenl 本 
shown in fg. 2.30 (bb). 


YYYYY | 


overeryeec- 3 
Grating 
Element 本 
e=a+h FE | 外 
攻 ss Tranxparcnt + > 
YYYYY | 


(a) Crearinmg Srrface 


四 fb) Cross-sectiorzal Viey， 
18- 2.30 


an 
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opaque Space between the two consecutivec Slits is b- 
1 Re 


和 


Wave oprics 


Theory - In fig. 2.31. AB is a grating consisting 
ofN parallel anri cquidistant slits Si S2…- The length 
of each slit is perpendicular to the Plane of paper-. 

The width of each slit is a and width of the 


Intensity Distribution 一 In diffraction at 3 
single slit that the resultant amplitude of the waves re sin 日 
diffracted at an angle 6 at each slit is 2 


了 sinp 1[ Tasin9 > 
po= Rol 和 ][=- 元 ] 33 sin e 


Due to N slits in the grating，we get N Parallel 6 
waves diffractcd at an anglc 6 from thc centres of S$ 

4 
slits SI，S2、S3.…… 


The path differecnce between the two consecutive 
B 


wavesisA=esin 9 


The phase difference is 
中 = (2T) e sin 9 
The resultant amplitude at an angle 6 is 
sinC(N 中 /2) 
= 及 
站 | sin( 中 /2) 
Substituting the value of Re、we get 


有 sin p | 

本 go 人 p ] sin(b72) 
sinp 1]| sin( | 

R = NRoU P 儿 Nsindb12) 


The resultant intensity 
I = KR- 


2 /2) | 
，_ afsinp sin(N 中 ] 
N2kR 引 全 】 车 五 


1 


I 
_ 2resing 一 0 
rasin9 _，0 and 中 二 入 
Whene 一 OP 和 
sin(Nb/2) 厦 呈 | 
Then sinP _>1and Lim [党 让 为 


P 


0 三 Nz KR 
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Hence from equation (iD) 


二 二 Sinp sin(N 中 /2) 四 
以 _p Nxsin(b/2) 9 


Principal Maxima -- When sin( 中 /2) = 0 i.c., 中 /2= 土 nr wheren=0,) 
SS 


Then sin(Ne/2) is also zero and in thc limit when sin (中 /2) 一 0 the valv 


Sin(N 中 /2) 
Nsin( 中 /2) 
intensity will be maximum. 


Sin 避 
Imax 二 ro 人 一 一 ?】 <“ 
P 


Since intensity is maximum at these maxima，hcnce thcy arc called 出 
Primcipal maxirza- 


of the term | ] will be 1. Hence from cquation (ii), the resulta 


2rcesine 
-- 中 = 元 由 
Hecnce the condition for principal maxima is 
中 /2 = 士 nc 
OFT xx( 于 ]esine 三 十 nT 


esin 6 = 土 nD, where n = 0，1, 2,.- 
Secondary Minima - From cquation (ii) for the minimum intensity S 


e/2 = Obut sin /2 关 0 (since sin 9/2 = 0 is the condition of principal maxm 
ie ? 汕 一 土 nn 
2rresinb 
csin9= 土 王 入 [= 克 
N 
where m = 1, 2. 3 but m = 0, N, 2N....nN。because these valucs of 
makec sin 中 /2 = 0 which gives principal maxima. 
Hence m = 0 gives a principal maxima and m = 1. 2. 3, ..…. (N 一 D) gi 


minima where m = N givecs again a principal maxima. Thus there are (ON - 
minima betwecen two consecutive principal maxima- 

.39. Oprairz expressior Jpr te imterasity distriprriorz o 矿 rarerzjaol 

di1jractior due io Vsiits- Prxplairz te eectaorimncreasing TVortine ci1jjracfi 

Patterrz. LSO crezrt Pre Brap 严 or imterrsity yariatior cree io zirzterJererzce Le1 

ai1a2cdd cti1jracriorz rerz7z- (R.G- 已 了，M1arc1a[4pril 201 


4rms。 Recfer the ans. of Q.38. 
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Secondary MIaxima 一 There arc (IN 一 1) minima betwecn two consecutive 
rincipal maxima, therefore there must be (IN -- 2) other maxima berween two 
rincipal maxima. To find thc Position of these sccondary maxima，we wi 

differentiatc cquation (ii) with respect to 中 /2 which is derived in Q.38 and 
equating it to Zcro- Thus 


dI Io sin2 p sinN2 Keog 疝 证 一 ai 到 是 os 旺 
7 = 055 x2 一 一 x| 一 2 一 2 一 一 2 一 2|=o 
9 RN Sin 2 sin 了 。 
or NecosN2sin2 -sinN9cos =0 
中 
tanN>> 2 Ntan9 asf 
sin2 N 中 
To find the value of -之 under the condition (i)、 we make use of 
sin2 的 
the triangle shown in fig. 2.32. This gives 
中 N taa @y2 
IN tan 一 
sinN 由 2 
1+N2 tan2 时 
2 1I 
|， 2 中 十 天 ie. 2.32 
Sin”N > NT tan 当 -NT2 
sin2 中 1+N2tan2 由 |sin2 中 1+N2tan2 中 |cos2 时 
2 了 2 
MN2 Nz 
一 2 中 2 2 中 一 2 。 2 中 0 
cos 一 十 N” sin” 二 1+(CN- 一 Dsin- := 
2 之 


Hence thec intensity of the secondary maxima is Proportional to 
MN2 
一 -whereas.the intensity of principal maxima is Proportional 
1+(N2 -TDsin2 中 
2 
to N2. Therefore, 
Intensity of secondary maxima 1 


让 一 人 ---(iii) 
Intensity of principal maxima 14(N2 -ysin2 中 
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ASNincreansessthe intensity 
af secondy mi relntive to 
Princihwl wNimn decreases ind 
beeomes neRliRihte when N 
becwames IarRe、 


fd) 
Fig， 2.33 (Ca nnd (Ch) sin2N 中 /2 
shoews the Rraphs of varintion sin2 中 /2 
af intensity due to the factors 
3 
sin 2 ， 
= 攻 (Diffraction) and HE 一 一 2A (1)) 
P Resultnnt 1 
要 intensity 1 
sin~ N 中 /2 1 Curve ? 
(Intecrferencec) 
Sinm” 中 /2 
respectively，The resultant 一 ahAaaaAne 一 一 canaaaenAc fce) 


intensity is shownin fg.2.33 (c). Fig.2.33 


@.340. Explain theJormaation or multipie Spectra Py cl Piairz rrarasr7zission 
Bratling、 What are its cjiier cjnaracteristics ?2 (R.G. 严 欠 ，Fep. 2005) 
AnmnsS. Principal mnaxima in na grating are formed in direction 9 is givenby- 
(c+d)sin 696= 士 n 入 
where (ec + d) is the grating element n is the order of the maxima and 入 is the 
wavelength of the incident light. 
From he cxpression we conclude、that 一 

(iD Foraparticular wavelen~th 和 ,the anglec of diffraction 9is different 
for principal maxima of different order . . rhen the number of lines in the grating ， 
are large, as usually the case is, he maxima appears sharp, bright lincs Parallel to 
the rulings of Uhe grating and are termed as Spectral lines. 

(ii) For white light and for a particular order n. the light of different 
wavelengths will be 
diffracted in different 
dircctions fig. 2.34. 
The longer the wave- 
length、&rcater is the 
angle of diffraction- 
So in cach order we 
will get the Spectra 
having as many lines 
as the wavelengths in 
thc light source- Ai Zere Ordaer 
centre (nD = 0、Zzero FiB- 2.34 


er 
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order) 9 = 0 which Rivecs the maxima of all wavclecngths so hecrc differecnt 
WwWityelengths coincide to form thec central imagc of thec samece colour as that Of 
the light source. The principal maxima of 1 wavclecnPths correcsponding to 
n=1w0 form the first order spectrum. Similarly the principal maxima of all 
wavclenRths correspondinpg to n = 2 will form the sccond order spectrum and 
so on The violet colour beinp in the outecrmost Position. Most of the intecnsity 
Roces to zero order and rest is distributcd among other orders. Hence the spectra 
become fainter as we 8o to higher orders. 
Chief Characteristics of Crating Spectra 一 

GD Spectral colours are in the order from violet to rcd. 

(ii) Spectral lines are almeost Straight and quite sharp- 
， ii) The spectral lines are more and more dispersed as we go to 
higher orders， 
(iv) Spectra of differcnt orders are situated Symmetrically on both 
sides of zero order imagec. 


(Y) MosI 


5 of the incident intensity goes to zero order and rest is 
distributed y 8 


among the other orders. 
Q@.341. War pi 


tfze coracdtiriorz wjzicF marest De Seatisfiecd 矿 tPze secorzd oraer 
Spectra are lo pe a 


Pserat Jiromz te gratirzg spectrrerrz 2 (R.G. 严 史 ， pril 2009) 
| ege the first ordecr spcctrum is clearly visiblec， sccond order is 
soon Tis ha k order 1S again visiblec、 ie the second order is absent- and 
eta Eee RD when for na Riven angle of diffraction 6. the Path ditference 
机 the diffracted Trays from the rwo extreme ends of one slit is equal to 
了 Intcgral multiple of 入 . Suppose the path difference is 入 .than cach slit can 
be considered to bc made up of two halves. the path difference between the 
Secondary waves from the corresponding points in the two halves will be 入 /2. 
Now they will cancel one another's effect resultings in zero _ intensity- 
Mathematically this can be understood in the following way- 

3 Tbe Principal maxima in case of a Srating are obtaincd in the directions 
8&Ivecn by 


(Ce +d) sin 6 = nX _ oa 
Also, the minima in casc of single slit are obtained in the directions siven by 
esin 9 一 mX mn 一 1.、2.3.、--- = 


If both the conditions (i) and (ii) arce satisfied simnultaneously. a Particular 
maximum ofordern will be missing in the grating spectrum. Dividins ecquation 
(CD by (ii). 


(e+d)sine n 入 cc 二 d na 
CR Or 一 -1 
e e mA 和 [了 mm 


Which is the condition of absent Spectra 


ERRRRRTSFTEEEECREESETEEIEEEECIEDIETERRS 
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If second order is to be suppressed thenn =2=2mbecause m =1,，.. 
e+d 2m 


汪 一 =2orc=d 
室 mm 
Thus if the widuh of he ruling is equal to the width of the sliL he second 
order Spectrum will be misscd. 
QH2. on difjjiractior gratinng is zased to Jirad te wavelermgti or ii 7 
LUR.G. 严 V，.Jruarre 2008 (NJ) 
Ans- The diffraction grating is often used in the laboratorics for measuring 
the waveclength of light In a diffraction grating&、the Principal IaXima are 
obtained in the directions Riven by 
(ec + dsin 6 = n 入 吕 
Where (ec + d) is the grating clement n is the order of maximum and 6 i 由 e 
angle of diffracton comesponding to a particular vvavelength. The number of lines 
N muled on the grating (per inch) are written over it the manufacturers Hence 
NGC + d) = 1"”= 2.54 cm 


2S4 
Or 人 十 节 王 cm 


Thus he determination of wavelength involves the measurement of angle 
of diffraction 9.fora Riven wavelenRth in a particular order n. In the laboratory' 
the &rating Spectrum of na Riven sourcc of light (monochroma 0 
polychromatic) is obtained by using a spectrometecr. 


昌 jn 只 
Adj nents 一 Before performing the cxperiment、the SR 
adiusuments are made -- 


(0 “The spectrometer is 


adjusted for parallel rays by Schuster s method 
(iD The gratinp is adjusted for normal incidence. For this PurPOsc We 
slit of the collimator is illuminated by he given source oflight Now he Positon 
of the telescope is adjusted in such a w ay hat the imagec of the slit is focusscd 0 
the Yertical cress-Nire in the field of view of the telescope In this Position he 
collinauteor amnd the telescope are in the same linc .The Posiuon of he telescopPpe 下 


notced on the cirecular scale. lt is now turned to Or amd claumnpcd， Tc Biven 
tnsSIISSIon 


RUinE iS mounted at the cenure of the prism table uch thatl the 
Smatina xurface is Perpendicular to the Prism table. The prism tablec is now 
Petateccdl so that the Image of the slit rcmected From the Prmating surface lics 出 the 
intersection of the cross wires. In this Position the grmating is at4S” to he incidenl 
lisht_ The Prism table isuitably rotated throusgh 4S" in such a waly thal the 
Srating iS exactly normal to Ithe incident lisht The prism table is clamped. 


Nieasurement of 6 -- When the sourcce of lizht emits radiations of differenlt 
wavelengths. then the beam sets dispersed by he &rating and in each order 3 
spectrum of the constituent wavelengRths is observed. The telescope is now 


有 
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first order S 
tobe de 


Ra SS 


CeWimator 


G ratinRg 7 六---、 ~ 忆 er 
= 
了 ~~ 了 ~ 
Seco 
及 2 Oracod 


Fig. 2.35 


The telescope is then turned to 8o to the first order on the other side and 
he cross-wirec is adjustecd on he Same colourcd line (Red). The Position of 
tlescope CT) IsS Shown by dotuced Mines. The readqings of two vernicers are again 
recorded. The difference between readings of the same vernier Rives LVwice 
he angle of ditfraction for that line in first order. By substituting the value of 
8inequauon .he wavelenath of Vsht can be calculated. The same observation 
may be repeated in second order and even in higher orders- By following thec 
Nme procecdure he Wavelengths of different lines may be experimentally 
measured with he help of :srating. 


@.43. Explairn the terma resotving power 


AnS、 The abiltity of the instrument to produce their scparate Pattcrns is 
callted TcselvinR Povwer. The resolving povwer of an instrument 1S inversely 
Proportional to is resolving limit 

1 
Resolving limit 
@.3 了 4. Show thar re resotlving power arrpe Sratirzg 下 cirectty 已 rOPCOrLiCrza 
to the total width or re ruled space om 江 (CR.G.PY，AM1earc1aApril 2070) 
Or 
What do yore raraderstarad py re resolring power Of Sratimg 2 Derive te 
mecesxary expressiom- (R.G.P，PDec. 2071S) 
CO 六 
Dedirce the expresxsion for the resofving power or the grating 
(R.G. 忆 从，JJrzrre 20717) 


Reselving power 一 
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Subuacting above equations、wec Sel 
BE-BE=du.AC = dh 


But BE--BFE=BE-BF=EF=ado 
ada= dh (-… BF = BF approximately) 
du.t 
QT de = 本 sg 
Substituting the value of db from cquation (ii) in equation (iD)、we get 
t.du 入 
全 a Ba 
tdu = 入 
t.dH 入 
了 dX  dX 
t.d 
Resolving Power of prism = < 


.46. War Jactors deterzzirze tiPe resofvirzg Porer Or Prisr7z 2 
CR.G. 己 K， 4PrEL 2009) 

ms- Resolvings Power of the prism depends on 

(i) Base of the prism 

ii) Difference in refractive index (duL = hr 一 he) 

(ii) Difference in wavelength (dAX = 入 c 一 入 D)- 
Where hfand he are refractive index for fiint and crovwn glass respectively， 

and 入 - and 和 fr are the wavelensgth for crown and fint glass Prism- 


@.347. Derire tiPe expressiom or resorfpirzg Pomwer ara terescoPe- 


rrs- Letr d be the diameter of the objective of the telescope and Pi, P> be 
the Position of the central maxima of the two imagses. The Pattern will ljie very 
close to each other with a large amount of overlapping. If the overlapping is 
too much、the telescope may not be able to distinguish them as separate- 
According to Rayleisgh's criterion 
the Pattern will be just resolved 于 
the central maxima of one just falls 
on the first minima of the other 

Now the secondary waves 
travelling in direction AP2> and BP2> 
mecet at Pand have a path 
difference equal to (BEP> 一 AP2>) 
三 也 C 

From fig. 2.38. 


BC =AB sin d9 
=AB.d6 (for small angles) = d d6 
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If this_ path differencc d.d6 = 入 ,thc Position of P: corresponds to th= 
first minimum of the first imagc. But P> is also Ithc Position of he ccntraf 
maximunm of the second imagec. 

Thus Ra's :=igh'"s condition of resolution is satisfied 放 

d.de= 和 ord6=7/d 

The condition (i) holds good for rectangujar apPerture. 点 ccording to airy- 
this condition in case of a circular apecrture can be cxpressed 2s 

1.22 入 es 
dg6 = 册 ---- 行 芭 
where, d6 represents the minimunma resolvable angle between the rmwo distant 
Point objects or this gives the limit of resolution of the LejcscoPe- 
The reciprocal of d6 measures the resolving power of the telescope- 


Hence 。 全 《于 坟 
一 人 于 

d 和 1.22 入 
Thus a telescope with large diameter of objective has a higher resolvins 


Power- 
.338. 已 cp1airz yjzatcio Jore rtrzcterstarzilBy te resofrirzs Pr1zit ora retescope 
G1HC OBtairz ar1z expressiorz or 这 2 了 
47zs- Insrtead of finding the resolving power directly. here we find th= 
resolving limit of telescope first. To close distant objects subtend a small anSic 
at the objcctive of the telescope- Closer the objects to be resolved. smajler is 
the angle subtended by them. The smallest angle 6min subtended by the rwo 
objects at the objective of telescope, when they are just resolved is called he 
resolvirzg 1iz7zit or zjre telescope. Obviously smaller the value of 6-ai- jarser 到 
the resolving Power Thus, the resolving power of relescope 
I 
及 .P. = 一 
emin 
Fig. 2.39 shows two distant objects P and Q sending Parallel rays Iowards 
the objective AB ofthe telescope- Letthey subtended an ansle 9 ar rhe objiecHvec 
从 


as 


Fig- 2.39 Forrrzatiorr or 1rrzases ar Two Opiects Parrd @ py a Teriescope 
The objective of the tclescope behaves like a _ circular aperture for he 
Plane wavefront reachings on it from the objects P and Q and so Fraunhoter 
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diffraction takes Place at it and we gct the imasecs P' and Q' respectivecly in the 
ftecsal Plane of the objective. In fact these images are the central bright principal 
maxima surrounded bxv Ihe alternate dark and brisht rin2s (having very low 
intensitvy and so invisihlel. The two images are said to be just resolved. if the 
minima ef one iallx at ithe principal maxima of the other If ee ji :the half ansular 
width of each Principal maxima. for the limit of resolution when the minima of 
P' is atQ' and that of Q' at P、 we have 
由 = 三 9uin = 
But from he theory of diffraction at circular aperture. half angsular width 
of Principal maxima is siven as 
2 
2 G) 
了 PD 
whbere D is the diameter of the objective of telescope. Thus. resolving limit of 
teljescoPe is 


一 


122 入 
ee-in 三 一 
1 
an 了 Reseolvins Power= 一 一 一 三 - ~ ---(iii) 
WE 


This resulz is、however、obtained on neslectins the aberrations of the 
jens- Thbas. ihe reselvins Power of a UelescopPe can be increased by increasinSg 
the diameter of its objective- since it is bevond our control to decrease the 
wavelens 和 of the incident lisht as a telescope is used to see he distant 
cbjects which are Senerally seen in the sun lisht- 


NubwmsRicat Poblews 


Pro5.J7 天 rpiaim 恺 aytieis 严 criteriom or resoprirzs Pormwer or opfical 
imstrzrmsemt Derire Ime erpressiom for resogrirs pormer or difpacrion SratirzS- 
Caiczricze 天 e mzrmzper ar Frres De Cz7z OP 民 STCIETTS rzicP will resolre ie 
2 IsFr or wareiermStps 53890 本 amd 5896 im re secomd armd 万 rs 

re7 (RCG-. 己 灰 ，_Jrrze 2072) 

Sof 入 ayleish Criterion of 有 Resolvings Power 一 Refer the ans. of Q.37-. 

Re Know thai resolvine Power 

人 去 ] 本 

二 
7; = 5890 入 = 5890 x 10-s cm 
7 = 5896 和 = 5896 x 10-s cm 


5890 十 5896 
入 三 5 =5893 入 = 5893 x 10-8 cm 
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d7 = 5896 x 10-8 - 5890 x 10-s 
1 上 1 5893x> 10-S 
] 6x10-5 三 982approx- Ans- 


1 入 ] 、5893x10-8 
N= 一 xx 元 = 了 二 _ 
2 n  dA 2 66x10-5 TI approx- Ans- 


=66x10-5 cm 


aa Pane IranS7T1issio1 BratirzB，t1ne am1Ble Or Gactior or 
Prinzcipal marin1a_Jor 你 = 了 x70-3 cm 人 30 Ce 
唐 了 cmz Q1 ie SBTali718 str1ace(RG.PR, Dec. 2006 2070) 


78. 7 
Prop- 
secOIG 人 
态 e er Oo ZTErzesS 
know 由 af n 入 


We 
SO (e+d) sin6 =nX or (e+d)== 5 


sin 9 
n=2.6=30". 信 =Sx 10-5 cm 
Here 


Number of lines per cm of gratins. 
1 sin 9 sin 30 _ 
e+d ” nn ”2x5x10-5 = 5000 
0 Taterfererce TimSes ere Prodreced By JPrrzss dorrpFie s 研 
1od psimg 1 ar warelergtP 6 x 70-” mm Werr a Fimr or material 了 x 
70 cr tic 天 rrasPLaced Orer Orme QtPeslits, tne_1imgeparrerrr ras cispiaced 
了 a1ro rirty imrzestinatpenoweer mroacdyacernrJrirrses- 


五 y acCistarzCe 29L - 
三 e reractire iadex or ripe mzaterizdL (R.C. 己 开 ，_Jarm_/ 碟 ep 2003) 


SoL Given- wavelensth of lighuL 入 = 6 x 10-7 m- 
Thickness of the film.t=3x10sm.u=? 


By the formula 3 
ht=307 一 -1= 2 < 
30 入 30x6x10 一 
这 一 一 二】 = 一 一 -一 一 5 一 +1 一 16 全 mES- 
3xIO- 


Pro5p-20. 4 Piarre trarzsmzissior GPactior Sratirrs Fas 了 5.000 Fires- 
Derermzirze its resofrimzg Power im te secorzd order Jpr rwareterst 天 or 50003_ 
5 {R.CGC. 己 中、PDec- 2073) 


SoL Given. wavelensth = 5000 有 = 5000 x 10-10-m. N = 45.000 


要 入 
We know that = 一 nN 


d 和 
Also-、 (e+d)sine = n2X | 
总 入 (Ce+d)sine 村 
人 - 
本 后 
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For second order. the resolving Power is maximum. 
= sin8=1 (9 = 90?) 
Theretfore、resolving power for order 2 is given by = 2 xN 4 
= 2 x 45.000 = 90.000 
Prop.27. 扣 Parallel pearmz or miomocjzromtatic 1igmr is allovw 
imcidert mormzally om a Piarne Srafirtg jzarvirzg 7250 1irzes Per cma aac a seco 讽 达 
order specrral iimre kk opserred io Dec derviated tprorgP 30” Calcrlare tpe 
WarelcrmStm or imciderar Fe (RR.G. 已 K，Dec. 20 08) 
SoL_ For srating cquation 
te +d)sin 6= nX 


Ans. 
ed ro be 


n=0. 土 1. 土 2 


where e+d=Grating element 人 
n = Order of maximum 
(ec+d)sin9 
入 = 


n 
There are 12S0 lines Per cm 


和 sin30 05 
1250” 2 = 2500= 2.0 x 10- cm = 20000 和 Ans. 


本 cjracrionm BTatirzg rsecl at maormzal jzcicderrce Sires C Sree1z 
Tirec、 汪 5300 4. im G certairz orcier 大 SILPerzirzposec or a violer 1irze, 人 = 
4050 所 ,ay mexr jzighner order (mn 十 Z)- 1 rpe arrgie or di1jjracriom 丰 308 
EL 5 CS Deneeenz the Sratirzg 1irzes- 4zso JFirzcl joy 71za11Y 72es GFe 
和 向。 (CR.G. 已 V，Fe5. 2005) 


二 5400 x 10-1l0 m = 5400 x 10-s cm 


= 4050 x 10-10 二 0-8 cm 
= 30 m 一 40S0Ox1 


SoL Given- 入 = 5S400 入 
入 >= 4050 入 
Ansgle of diffraction_. 日 

We know that 
(e+d)sin 6 二 

(e + d) si 
) 所 三 niand (e+dsine-a+ TD 
1 人 +D7o= ns 
ma On =)= 和 orn- _ 和 2z | 


D 入 


和 -1 一 入 2 
NOWw. (e + d) sin 日 = n 和 1 一 入 I 和 > 
Number of E 人 
四 < ji 
-om ines per cm 一 1 = Sin (和 一 和 >) 
(ed 入 交 和 
Sin 30x (5400 2 
= 0 一 4050) x 10-8 An5- 
54340010-5 x40s0x10-5 ”= 3086.42 = 3086 
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Prop.23. 11z ia gra1izzg 1Pe sodtirerrz cipr5pler 15891 4 5896 让) 开 rieored 训 
jairedl order al 30” 1o UPe mormzaGl czcf 55 resoOlpred Deterarimre me BUTa1EmZ 
Spacing Ga12 1Pe IOIGL ic or ie relirmzgs- (RRC 忆 史 J/rme 201 必 


SoL_ For normal incidencc. the grating cguation 15 
(e+d)sne6=n 人 
Given that. 8 = 30? 


全 
n =3(third ordecr) 
5S890 二 5896 
关 三 了 ”=5893 人 
一 8 ~ 
二 他 前 三 -下 255558210 <- 3556 
sine sin 30 


Let N be the total number of rulings required to just resolve the dooblet in 
the 3rd order 


入 
EN 


1 入 5893 人 
。。 N = 一 = 327.39 = 327 
n d 入 3x6 和 A 
Total width of the ruled surfacec is 
NCe + d) = 327 x (3.536 x 10-) cm = 0-11S6 cm 从 ns- 


ProB.2 和 4. 4 Planrze trartsmzissiorz Bratirag jaapirzg GO000 1izesCzmt 5 sed D 
optairz a spectrrmz or1igjat ormz csoctirerrz Lazrzap Drz te secorrd order Caicrziarte 
tPe arzgrtlLar separeatiorz Deteerz tpe mpo 1irzes ose MarelerrStPs GTre 58S90 卫 
arzd 5896 人 (CR.G. 己 严 . -zztrze 2073) 

SoL Given, 入 = 5890 和 = 5890 x 10-10 m = 5S890 x 10 习 cm 

入 >= 5896 和 = 5896 x 10-!0 m = 5896 x 10 习 cm 

In a Plane transmission grating&、 

(e+d)sin 昌 =nX 
1 

Here. e+d= 6000.n=2 

Let6=9ifor 和 = 和 iand6=6:for 入 = 入 

For 和 、(e + d) sin 9 = ni 


和 ni 2 xsSS90x10- AR 
0 
6 = sin-!1 (0.7068S) 


= 44.975 = 44?5S'3O” 
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For >、(e + d) sin 9>= na 
- n 入 2 
sin 92 = 站 PT 
4 2x5896x10-8 
二 ”76000 一 4.7075 
e6. = sin-!1 (0.7075S) 


= 45.032 = 45?1' (3S5.2)" 
Angular separation between two lines, = 92 -- 9) 
= 45.032 -- 44.975 = 0.57 = 3' 25S.2" 


令 全 
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IEIRSTs= EREERRNREEFT 一 一 人 
FREE ELECTRORN THEORY OF METALS，FERWI LEVEL 
OF INTRINSIC AND EXTRINSIC, 
DENSITY CF STATES 


@.7. Descripe Jree cfectrorz teory or mazetals- 
(R.GC. 忆 YAfyayV1rerrze 2006. 2070) 


Or 
2 


12C 
Prove tjat C= 
772z 


工 = relaxatiorz zyze，e CGI 111 Cre carge arzd mass or electrorz respectireg- 

4118. When an electric field appPlied to a metal. electrons accelerate along 
the field. due to the ions in the lattice.、 electrons face a resjstance of defiection 
through ions, finally the electrons settle into a constant drift velocity that is 
Proportional to the strength of the applied field. 

valance electrons are completely detached from the atoms. are resPonsibje 
for the conduction in the material. Electrons are free to move throughout the 
lattice and do not bound with any particular atom or lattice whereas ions are 
capable of vibrating about their individual lattice sites. but are not free to move 
from one lattice site to another. 

When an electric field is applied、 the motion of electrons will have two 
components 一 / 

(人 Random motion 
depending upon temperature 

(ii) Directed motion 
determined by electric field 
polarity. 

Let us consider fig. 3.1 in 
which a metal is subjected to an 
electric ficld, E volVym-. Let at any 
moment average forward 
acceleration of the electrons be 


3 ， 了 二 
zz G coO1zdrector specimrzerl， Here C= coOrzdrectirity， 


Da 二 ER 
和 


相 
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> 
dxX 
da in the x direction due to field. If m is the mass of electron and -cis the 


charge of electron, then 


mm 一 7 = 一 CE …(i 


where, E is the force acting on a unit electric charge. 
Jntegrating equation (iD). we have 


dx 己 
呈 天 二 (十 人 
where, A is an arbitrary constant. 
人 
汪 dx 一 cEI +C =c] 
dl m m 


where, C is another arbitrary constant. 


Since 证 represcents a vclocity which continuously increasces with time， 


therefore. C must have the dimensions of velocity and must be random velocity 


of electrons. Thus， 
dx 一 ecEI 


= 十 V 
dt mm 
Averagec vajluc of vandom js Zero, as there is no net transfer of charge in 
the absence of the field. E 
X 一 CET 2 
Now', average valuc of js = vx 三 ….(1iD 
di 站 


rndom sw 


wherc， 
V = Average drifl vejlocity 
T=Cojjision time. 


Let 1]，be the current carried along the conductor of cross-scction A, in 
xX-directjion hy cjectirons of chargec -ec and drif vcelocity v. Jn Lime dt the 
ecctrons wj travej za distancec vx dtand the volume which containcd number 
Py eectrpns 15 vd With n as the electrons per unit volume the charge 
ozing through the section in 1ime dt js 


dq= 一 cnAvx dt 


dq 
人 和 二 J = 一 cnAv， 
2Dd CorTcnt density. 
IT 站 
2 周 = 一 cnoyx 1， 
me“ 
Of 汪 = E 二 区 丰 
m 
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2 
CT ， 3 “ 
wherc， is (the conductivity of thc matcrial，which js rcprcscntcd by G. 
mi 
Hecncec J 了 xx = OP 


This relation is a wecll known Ohm's Jaw in a diffecrecnt form。，Frorn 
但 g. 3.1，we have 


JI = Jx.A 

一 G. 人 

二 G 一 人 
如 | -RDBLI 
P/ R | 人 


where, /is the length of conductor and V is thc zapplied voltagc and A is the 
arca Of cross-scction- 


亿 2. Poxplerirz Puxrzcl treory JPprsolicts crrzcl ctistirzgreiyjz zetaLy， Se7ziCOTCIcIDrS 
CU PasPLCLOFS O11 11e Pestig OF jetrzcd tpeprm (FRRG PT rre 2009，Sepr 2009) 


Or 

Saort 7zOLe 0O11 ec1ze7BY Per1acl 11z SOLEcL fR.C. 己 愉 ，PDec. 20735) 
Or 

Discress tne perrzcl tpeory or solicls- (R.CG. 疡 区，.Jrrre 2077) 


11s. On thc b of thc classical frec clcectron theory, cjectrical conducton 
can Occur in a solid if frece clcctrons arc avaijabljc. On thc other hand. according 
to band theory. clcctrical conduction can takc Place in za solid only if 0 a good 
numberof frcec electrons aurc presentand (ii) vacantlevcls are avajlable imrnediatcly 
abovc the occupicd cnergy levcls. Free electrons can absorb cncrgy fror thc 
current soOurcc Only if thcere arec unoccupicd cnergy jcvcls nearby. On gaining 
cnergy.、 they jurmp into the cmplty levels giving rise to an electric_ current I 
describes that a partially fllcd band is redujired for causing elcectrical conduction. 


Jn somec solids. thc energy band structurec is such that the valcnce band is 
hz 信人 Jecd as in 有 &. 3.2 (a). Jn some solids. an upper vacant hand ovcrlaps on 
a full vajecnce band. The (wo cases are shown in fg. 3.2 (hb). In both the cases。 
the electrons inhabiting the Jower cncergy levcls have access to the upper vacant 
Jevels. Even a smazJl clcctric cxcitation can impart enough kinetic energy to the 
clectrons to jump into highcr vacant levels and produce electric current. AS 3 
Very Jarge number of vacant lecvels cxist. a large currcnt can fow in the solid-. 
The solids that cxhibit high clecurical conductivity arc callecd corzcdectors. In 
addition. conductors mmay bc dcfined as solids characterized by na single cncrey 
band calljed conduction band which is Partly flled at any tcmperaturc. We can-。 
also, define ai conductor as a solid in which the conduction and valencc bands 
Overlap and therc is no _ energy gap (ic-， E:。 = 0O) between thec two bands- 
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人 Terappteg 
隐 2jen 


(elj Fair Filed Comamcrionm Barad ( 古 ) 天 mapty LIPPer Baracl Crerlaps 
Om 0 VOLerrce 已 arzdf 
FiR. 72 开 EmerRy 如 acl Forrmialiorr 111 0 Ceecto 太 

jin somec matenals、unilike in casc of conductors. thec vajlcence band and 
conduction hand arc cparalcd hv 3a forhbiddcn band. Decpending on thec width 
of thc forimddcn hand. Ethesc solids arc further classificd into insulators and 
scrmicomnductors、 At aheoiutc zero tcmpceraturc. in both thesc Lypcs of solids. 
thc vaicncc hand 5 fo and the conduction band is cnplLy- 户 Jectrons cannoi 
Inove im thec 、 cc hand xx vacant levels do _ not cxist within the band. The 
Pearcst vacani icvcls arc only in the upperband (conduction band) but clectrons 
age not Prcsceni in Ihat band. Conscducentjy, thcsc sojids do no Permit Pow of 
CuTTETDI 324 2heolutc Zero- 

上 1 PoTTmal tcrmperatures the thecrmal cnergy can causc cjcctron transitions 
from vaicncc band to conduction band provided the forbiddecn band is nof 
fargc (E_ 二 2cV). Thos. in casc of silicon where the band gap is 1.12 cV， thc 
人 errnzi energy Can rcadily cxcitc 3a considerable numhber of cjcctrons from 
valencc hand to conduction band，Once the electrons are Jodgcd in the 
CpcdiacCHcm hand .They can respond 10 the cxternal vollage and producc 3 们 oOw 
of Currenpt 8icrwcvcr. the currcnt will bc small as only a modcst numbcr 2 
cccaroms are prormnotcd to thc conduction band. Materials which show negjigible 
ComdocHivPy zt 086 bat cxbibit significant conductiviry at normal tcmperaturcs 


记 o1esv7 


太 raes““ 一 


Ra3G Are emezrraitrrmig 773ZON [万 VBAereA AU UL CANEO 
了 LU 0 ASeArErO7AAUAeUOy Baidf GAUAUNAAN NI away Er 


瑚 了 素 3 eztUy JayaiA FAz7UOAGO1y 11 0 JAVAUAAOT 


Rescue 本 蕉 2 IE 
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are Cajlcd sezpicorecfrrctory，jm SeTmiCemdescaors 下 27PrecaE7 ra pern 个 5 
ecV io 1.5 ecV_ An interestinR feare of scrmpcomdacors 05 aa he crmPE7Y SEC 


2 2 ar 


7 FRRYTFC PRETTCY 


lecf bechind in the valcrncec harnd msaxrrne Por3ic ie Chearac3cr :; 
Carricrs_ Thesc crnmpPty cs age Caicxl he， 
thec combincd conduoctivity de 5 holes and ciccyzoms 
moch smaller than the cppdoctivIEY Im cesc3oes 

Jn case of diamond. havinR 3 1a7BC here Fa x 
of 5.47 cV. the Ihermal cnergy ca 


ec BCcaSeC of 
RNCASCAETTS 环 


cjecctrons from valence hand !Io condocricn homcd LIE 一 了 

(和 gg. 3.4). 1 is also difEcujlr for am cljcctron 5 EECFSE 

absorb such a large amount of cncrgy frorn am | = 
electric eld of ordinary streneth in order 2D jump 

into_ Lhc conduction band. Thercforc， hec soiids TEST3 
having a bandgap grcatcer han 3eV (E_ 二 尖 VD) -二 

cxhibit necgligibly low electncal conducrvary af aa Dretae< 
tcmperaturecs. Such solids arec calecd mxzeletors- 天 名 - 天 4 厂 mrerRy 吾 czrmed 
They arce also known as 帆 clectric mnatterials- Serzzctzzrre oOy cm Fryzzdizzezr 


.3 W7ire sjzort mote 011 Fer1i-Direac Stetixticed circ Feczem 

A4ms. Thec Fecrmi-Dirac distribution function deeccrrninpcs ce carrier 
oOccupancy of the cncergy statecs、For cxarmplec、I 100 sascs sharc am Ever2EC 
Of 20) carricrs、 thc Ooccupancy Of (hecsc states ffE) = 9 2. The cxPress3aoem ch 
Boverns thec distribulion of cicctrons zeonP he cnpecrEy 并 5 ro CE 
tcmperature is known 2a5 Ferrii-Airec cistriprztiom Frmczsorr- 

1f total number of eljecctrons 15 Constant and total cperEYy 2 SS 1 Ce 
thec Fcrmi-function zaccording :o Fecnrme-Dirac apetcs 25 BTVEm 25 Peer 

1 

c<(E-EPMKT + 
wherc EF js the cnergy Gof Fecrrri-Jevecl 攻 FSDiizzmeapes as comszame 4 一 ) 
Joulc/K ) and 了 i5 the ahbeo)juxc crnfperapurc、Thc Fezrm -fmcoioey 三 
ProbaPpility for the crneTgy waac iD be 人 jcd with ciccaroem 本 Merzmpeczatozrc 
Varics petwecri () az 1. (Pereine upon 中 cnczE 
impics 从 cad 2 the states (cpecrgy jevei 和 
SC ( 开 CTICTUY icvcji 乒 age Ce 
TPRCATTS 时 it 和 im Post7 Fr 修 
(Ferrrg-fisrxTicm cr ne CeTecrl 


ff(E) = 


AS 动 recte ]CT0 1T = 1 1 瑟 > FF、dhem 用 ) = Damd 必 乒 < 下 tcm 
玫 有 ) = 1 、so pt asejartc ZPTO、ag the cneryy Jevcis becjom ge Ferrnr cmcrzy E 
FE COTmpietcjiy 1ljed whilec the enerX7y jecvejis ove te Fezzma cmpcrgy 三 ) zc 
CRVGACACAY erngt7 下 rexs 
em 了 一 < 有 8E25 一 1 放 瑟 一 玫 ; 
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TT2 Enomeerno PPysCs 

Eees az sy other ErmPeratare- Fermni enerEy is the enerEy corresponding 
5 macpb the Procbabhilizy for electrons to be in sa state is 1/2-. 

公 季 天 rpPicir 二 ce 下 errrs 开 Direc CEstr 泡 zztipzz urzctipmz Jr cordaectpr 0 
SPTmmECDgmtdezCcED8r Caid Cr 芒 eir ceTTETEBT Pazzzcl SI7TZLCTZTE- 


上 Ps 王 cz-JDirec Distribation Funpction of 2 Conductor 一 Condecee 
caraczerized by = simEI cnerEy band_ nameciy- conmduction band 芒 计 < 


EDrE= csezEy 沁 wcis tham 二 ee ci<ctroms- 
了 王 = 人 KE 
全 = aspiEee= PerP EURPEzaEEEFE- ICtroms CCCHPY the Jower cncTEY Jevc 拓 er 
Fig. 3.5 (sa) depicts 红 
CETTLEHP EREAEY 
cis He vacant imrpediatciy above 
行 ]Ied cecx 罗 


区 


卫 王 iaeEe Fasmiper cf 
Fr 天 -=i Er cam be dcfiped as the GPPermDOSL 3 

= -TSecrre 工 0EC CosrespomdinEiy。 Fermrri ereTBY 行 He FE 
CE 宇 aE 2 <carpee cam Eve 各 = comdasczor 2 0 政 - 


正 下 瑟 了 
一 了 
天 克 
一 一 
[和 ， 

2 7 
二 王 > 亚 了 
一 一 友人 ) 一 
和 负 有 到 一 三 乡 
《GT [ 瑟 《c1/ 


天 22- 子 邱 了 Fe 一 orcetcziorr Farrri ia corctector ct OK 末 
[e; czaza Aszra5aeziom cf ctectrorrz m 矶 ce conadtectiomz Beta 1 内 
EBPcarormrz COccetpry CH 而 e Lerels Petlorr Fermrzi Lere1 厂 广 
( 尼 ; 7 了 ze Fermri-Diirac Frrctior cx OF 
fy 了 = CoprapEeTE cectromr cstri5crtioyr 太 crzctioyz op 万 icF 5 
忆 Proctrrct CBAFEj crrzcd 万 大) 
了 Psc 2 2MDETL te ciccrron Gistribution 和 the conduction band can be 
cr 于 st 和 ip 2 Comtainer The FFcrrmi jcvejl corresponds to the IOP 
lc 入 omg 25 te water is Dot disturbed. the top surface 瑟 
scot 20nG Sbzrply Ge5neda- 
了 TBPe 于 crrri fanczjiomn for comduczors 2 0 下 is shown 各 生 gB- 3.5. 
(AsAzTI=OK_ forcnergy ljevelisE]ying bclow- 下 =-, 开 生 Er--Tbcreforec- 
(下 一 天 -) 荆 DeE2GVE Gazntity and the argument of the cxPponcntial function is 


一 ap- 


人 7 
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2 于 
frE) = 一 = 
1 二 cc 一 I+0 

frE) = 1 impjlies thzt ag the ! 
(全 ) AT=OK- for cne ; 
is a Positive quzantity apd the ar2Uurneni of the cxPonpenzial fanpction 5 二 -一 -Theas 
I 
KE) = 二 过 丰 


十 刀 ”e 
fE) = 0 impjies thar all the Jevejls above EL- are vacC2mt- 
( 击 ) At 工 王 OK- for 王 = Er the argurment of thc cxPponpcniiaj fenction 
i inpdeterminate- 
SEE) 三 = IndGetecrminable 
二 已 
Thberefore ff(E) is indeterminate- As such. the coccePaticn of 下 
工 =OK hzas an undetermnined value ranSing betrween Zero and onpe- 
The complete electron energy distribution fupction for = conpdector at 0 下 
is shown in 香 s- 3.5 (c)- 
II 工 >0K 
whben temperarures 2bove absolute Zero.electrons are excited ID vacamE 
jevels above the Fermi level_ In Seneral E- >> KkT. For example. EL- is of he 
order of TeV in copper、 while the value of KT is 0.026 eV at 工 =3 
Thperefore. for most of the electrons lying deep in the condoction band._ KT is 
pot cnDuEh enersy to Permit a transition to an unoccuPied level. They are le 全 
undisturbed and remain at their orisinal jevel Onjlv those electrons in the levels 
adjacent to Fermi jevel can accept this enersy and jump ro a hisher ievel. Thus 
aa few levels within the range kKT below Er becomse Partialyv deplered and a few 
levels within Uhe energy range kKT above Er are Partialliy flled. but most of the 
deeper jevels remazain as they were at OK. as jjlustrated in ES- 3.6 (a)- 


王 王 下 
在 工 
下 王 ， 上 二 = 一 以 
三 一 
0 


zi Jeve]l 于 


Distance 和 -机 9 NIE) 一 
fc) (B) (c) 


Fig.- 了 6 TH1ze corzcrecriom Parzcd iaz Ga corzcdrector ar T > OK (al) 天 iectrors 训 
tpe 1erels ccdjacerzt Lo 无 F are excired () 下 errrzi Dirac ierzctiorz ct 了 下 
(c) TPe corzplerte electrorz ciistripreriorz ierzctior ar 7 天 
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媚 . 了 2. 无 =Pgzerim 卫 e 天 ermrzfEPoe1 ipz CIT Erztrirrsir SCI1TzECO1TCICCUOI- 
OO 入 


玉 rpae 了 琶 crt 珈 GE HPI7E72SEC FSE1EECO1EEELCEO 太 ERe 天 Erzzi ETET1 FEes 匠 册 
( 屎 .C 严 和 .4PrTI 2009 


Piece or e orpidcdemr SaP- 


Gempoae 红 E 三 一 


多 


But the sum of probability of hole in the valence band and the Prop 
of cjectron in the condaction band is always equal to 1 hecnce 


fEVv) + TOECc) = 
， REc) = 工 一 REv) 
<IECERTRT 1 I 


1 
e(Ec-EF)MKT +1 一 。(EV-EF)MKT +1 
(CEv 一 EF) 人 KT <<1. 


<CEv 一 EF)MKT +] 


e(CEV 一 EFD)AK 工 (这 


But at ordinary temperature. EF 一 Ev >> kKT. therefore < 


证人 e(Ev-EFMkKT 1- 1 
and Ec -- Ev >> KT. therefore ce(CECc-EF)MKT >>1 


eCEC-EF)MKT +1 ~ e(EC 一 EF)MKT 


ie 
… From equation (ii) 
1 (Ev 一 EF)XKT 
cCEC-EFJRT 一 人 ia 
1 号 
ecCEF-ECJ)MKT ~ CEv 一 EFIMKT | Ec 四 三 2 
EF 一 Ec _Ev 一 Er EE 三 和 
KT 臣 小 EYV 馈 任 
EF 一 Ec = Ev -- EF 
和 ER Fig. 3.70 
本 及 


下 Ev is assumed to be the zcro energy lcevel、then EF = Ex oO 
EF = ” AE. whbere Er or AE is the forbiddecn cncergy gap (fg. 3.10). 
Thus in an intrinsic semiconducton the Fecrmi level liecs just in the middlc 
of the forbidden energy gap- Inp other words，Ec are taken symmetrical on 
either sidc ofcentre of forbidden energy gap, thc Fcrmi level at each tecmpceraturc 


lies in the centre of forbiddcn gap- 
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fptrpCipCEiDr 2 EC 


已 
NA 

A 
避 


C.73. 巨 xpzrrir e 天 ermzi eyet 训 CT Ext7TErzSEC SETTECOAPCEPECEO 太 


如 ms- Thbe carrie 了 
conpcenptrations in extrin- 
sic semiconductors varies 
with termperature- 工 
fojlows that the Proba- 
biliry of occuPancy of 
resPpective bands and as 
a consequence the 
Position of Fermi level 
varies with termPperature- 

In n-tyPe serni- 
conductor、in the ljow 
temperature region、 
electrons in the conduc- 
tion band are only due to 
the transitions of elecr- 
rons _ from the donor 
levels. Therefore the 
Fermi level EFn lies 
between the donor level 
EDp and he bortom edge 
of the conduction band 
EC (see fig. 3.11). 


EFn 三 


Jesizzties 了 epPlezjies Jetrinsic 
有 亚 cFjoa 买 cFjioa 买 *Fjies 


FF 二 一 
了 ATTFTTTTWTTTEE 一 一 


100 200 300 400 


Fig. 3 了 .77 Deperrderrzce Oo 丰 下 erzrzi TILeyer orz 
Tzrrzperatzire zz CT7 72-DPe Ser7zicorzcirecto 太 


Ec 十 ED 


六 (onization region) ai) 


As the temperature increases. the donor levels gradually set depleted and 
the Fermi level shifts downward. At the temperature of depletion Tu. the Fermi 
level coincides with the donor level ED- 


ErFn=EDp(atT=Td) .Cii) 

As the temperature grows 
further above Tu、the Fermi 
level shifts downwvard in am 
approximately linear.tUhough the 
clectron concentration in thec 
conduction band remains 
constant. At a temperature Ti， 
wherce intrinsic ”proccss 
contributecs to electron 
concentration significantly, the 
Fermi level approaches the 
intrinsic value EFi = Ex/2. With 
furherincrease in temperaturc， 


119 


Conduction Band 


下 


和 这 
IEFp ----- 王 忒 


100 200 300 3400 T(K) 


ripg- 了 .72 Deperzderzce Cr Ferrrii evel orz 
Terrzperatrre 训 G PP-APe Serrzicorzcteector 


EPEPEPFEPRPEPT 7 95E Ce 
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the behaviour of extrinsic semiconductor transforms into that of an intrinsic type 
and the Fermi level stays at EFi. Thus 


EFn = EFi 三 二 (intrinsic range) 


The variation of Fermi level EF。 with temperature is shown in fig. 3 
In case of pP-type semiconductor. the Fermi level EFp rises with ee 
temperature from below the acceptor level to intrinsic level E， as Shown in fig. 3.12. 


0 


EFp = E^ 人 (onization region) 
EFp = EA (AT = TJ) 
Ex 
and EFp = 王 (intrinsic resion) 


@.I 了 4 Dejire Ferrmzi ierel or a semzicordrector  ( 尺 .G. 严 F， .zerze 2077) 


4775. Fermi DB EF is the maximurm possible energy of electrons al any 
temperature ij.e.、 al any temperature T.、Fermi enrgy EF is the encrgy 
corresponding to that highest state upto which all the states are occupiced by 
the electrons and the states above which are completely empry- 

Also refer the ans. of Q.12 and Q.13- 

@.75. Dejirre V-IPe arzd 己 0Pe extrirzsic .Siticorr semzicorzctreclOrs- 

CR.G. 严 民 ， /rurre 207 可 

47ms.N-type Semiconductor -- When a small amount of Pentavalcnt 

impurity is added to a pure semiconductor it is known as N-type semiconductor. 

The pentavalent impurities are Phosphorous (P). Antimony (Sb). Arsenic (AS) 

and Bismuth (BiD). These elements donate exccess (negatvc) electron carricrs 
Thereforec、such elements are known as donor or N-type impuritics. 

P-type Semiconductor - When a small amount of uivzajent impurity is added 
to a pure semiconductor it is called P-type semiconductor The tivalent impuritics 
are Gallium (Ga). Indium (In). Aluminium (AID), Boron (B) etc. Thesc eljecment make 
available Positive charge cariers because 
they create holes which can accepi 
electurons. Therefore、such element are 
known as accepor P-type impurites. 

@.716. Frplaimr tpe Jorrmzatiom OF 
UV-DDe cr serraicoracucrtor 

447zs。、If pentavalent impurity atom 
(such as antimony、:ursenic、phosphorus 
etc.) is added to he Pure germanium 
crystal、the crystal so obtained is called 
the N-type semiconductor Out of the five 
valence electrons of antimony atom-. four 
electrons form covalent bonds with 下 zB- 了 73 了 


Free 
ee 一 Electron 
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valence electrons of four germanium atoms and the ffth valence electron remains 
bound with a very Small energy (= 0.01 eV) as shown in fig. 3.13. Thus, thec 和 三 fth 
valence electron of impurity atom can be made frec by importing nearly 0.01 eV 
energy- Since an free electron in obtained which acts as thc charge carrier the 
crystal is called N-type. The pentavalent impurity atom is called the donor since 放 
donates free electron to the crystal. In N-type semiconductor majority chargc 
.carriers are the electrons and minority charge carriers are the holes- 


CC.7I7. ExpPplaira re Jorzzzatiom or PtPe ar serrzicorzcdricto 矿 
47zs. If trivalent impurity atom (such 
as boron. indium etc.) is mmixed with Pure 
eermanium crystal. thce crystal so obtained 
这 callecd thce P-type semiconductor The 
three valence electrons of indium atom 
form covalent bonds with the valence 
electrons of threec neighbouring 
germanium atoms and there remains Jack 
of one elecrtron for the rhombohedral 
covalent shape (fg. 3.14). This lack of 
one electron is calljed the hole- 
This hole soon captures an electron 
from its necighbouring germanium atom and 
ahole is created in this neighbouring atom. 


大 ie- 了 .7 了 
Thus. holes become available for movement from one Place to the other inside 


the _ crystal Tf the hole mov to the right、 the electron moves to the left. Thus 
hole is equivalent to na Positively charged particle. Sincec Positive holcs are 
responsible to Increase conductivity in this crystal、the crystal so_ obtained is 
called the P-type crystal and the impurity atom is called the acceptor. In a P-type 
semiconductor the majority charge carriers are the holes and the minority chargc 
carriers xure the electrons. 

CC.18. Derire tpe exzpressiormz JpDr tiPerz7zd1-eGrtiLiPrirrz coOrcerztratiorz wo 三 
electrormrs 120 cad jzoles Pofor arz iaztrzrzsic Ser7zicorzctrecto 矿 

(R.CG. 忆 下，h4VarcA4Ppril 2070) 

47mzs. When semiconductors become conducting at clevated temperatures、 

a largc number of electrons can be found in the conduction band and similarly. 
a largc number of holes in valence band. 

Fig. 3.15 shows the encrgy band diagram of an intrinsic scmiconductor 
in which the bottom cdsge of the conduction band 巨 --、corresponds to thc 
Potential energy of an electron at restin the conduction band. the duanlity (E 一 Ec-) 
represents the kinetic energy of the conduction elcectron at highecr energy levecls. 
Similarly. the top Jevel in the valence band Ev is the potential encrey of a holec 
at rest. Then (E、 一 三) represcnts thc kinetic encergy of a hole at highecr cncrgy 


人 
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E 


me 
一 Conduction Band 二 一 一 一 


吕 
兰 
Distance 
1rip. 3.75 7T7ze Frzerpy Barrzcl Diasreazzz Or arz Jaztrzrzsic ,Ser7zicorzctrictor ada 


Terrzperatrre otPer tparz 4pDsoirtte Zerop. 7T7ze 万 oie Corzcerztratiorz ia te Volenrce 
Berad 必 gral io the FIectrorz Corzcerztrrzfiorz Drz 1Pe Coradrectiorz Butd 


lcevels. The levels below the level Ev in thec diagram are highercnergy jevels for 
holcs. 


The actual number of electrons in the conduction band is given by 
top of band 了 和 1 
no 三 人 fCE) gC(CE) dE 多 
2C7 _ 

Becausc thc Fermi-Dirac function describcs the probability of Occupancy 
of a state (encerpy level) under conditions of thermal cduilibprium, thc electron 
concentration obltained from cdquation (i) is thc cquilibrium concentraton'， 

As the f(E) rapidly approachces zero for higher cncrgics， tbc intcgral in 
cquatlion (i) can be rewritten as 


no= | 5CE) gc(E) dE … 人 的 
避 EC 
The density of statcs in the conduction band is given by 
覆 和 要 
gc(E) = 证 C2mc )3/2 for 三 > Er (jii) 
让 
加 osjs 尝 全 22 (E 一 Ec) 巨 (iv) 
EC 3 


1+cxp[( 巨 一 EF)XKkTJ 

When thec number of particlecs is very small comparecd to thc aivalilable 
energy levcls. thec probability of an energy statce bcing occupicd by more than ， 
Onc clectron is very small. Such a Situation is valid whcn (Ec- 一 了 FP) >> 3k 工 
Undecr this_ circumstancec、thc number of availablc statecs in the conduction 
band are far larger than the number of clectrons in the band. Then Fermi- 
Dirac function can be approximatcd to Boltzmann function- 
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From equation (iv)，wece obtain 


才 工 + 呈 AS 
no = 2 二 (E 一 Ec-)12e (E-EF)MKTdE 
h- EC 
才 苑 *# 3/2 _(E -FE oo 3 _rYFE_F 7 
= (2mz)3/2e (EF 一 EC)XKT (E 一 Ec)!2e (E-EcJXMRTdE ..(v) 
h- EC 
The integral of equation (v) is of the standard form which has a solution 


of thce following form 
V 开 


Xi2e=axdX 二 


) 2avVa 


where a = 1 人 kT 工 


才 工 四 ye 区 
县 no 三 人 (2mz)3/2e(EF eexe[ 雄 onpz 
Rearranging the terms，we get 
的 3/2 
no = 2 ee 人 (vi) 
h2 
no = NIC e-(Ec-EF)MKT wy 
本 3/2 
27cmzkT 
where NcC = 2 2 
2 


Nc is a rcmperature-dcpendecnt material constant known as the effective 
density of states in the conduction band. Jn silicon at 300 K. Ne = 2.8 1025/ma3. 

The importance of the rclation (vii) is that it relates the cquilibrium electron 
concentraltion to a single variablc. namecly thc Fecrmi levecl EF. Therefore, electron 
s Specificd. 


concentration is specificd if 下 
If KE) is the Probability for occupancy of an cncrgy statc at 巨 by an 
electron、then the probability that thc cnergy statc is vaczant is givecn by 
[1 一 fE)1 Since ua hole represents zan unoccupicd state in valence band.、the 
”probability for occupancy of a state at 下 by a hole is equal to the Probabpility of 
absencce of electron at that lecvcel. The hole concentration in valecnce band is 


) therceforc givcn by Ev 
一 aas: 作 人 =E) dE 
Po ESs of banal 1 一 人 CEBgvV(CE) 
Ev En 
1 OF Po 三 | [一 f(E)] gvCE) dE .-.(viii) 
1 We can writc 
- [1_-fE)]= 1 = ce-(EF 一 EMKT ...(ix) 


”1-+exp[( 三 一 EF)/KTI] 


一 eeraaeeepraPYEPOFEEPEEEEPEPIEEEIPEEEEEETEETTTT 9 
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4 vv 3/2 [EY 本 
两 过 证 (2mnh) | 陋 (Ev 一 E)V2e-(CEF-E)MRTdE 
| 


车工 * 3/2 _ _(EF-~Ev)/RT TEYV 
= (2mh)ye-(EF-E" ij (CEv 一 E)V2e-(Ev-EJkTd 
， 


2 
Ne-(EF-EVJMRT 


。 -3/2 
> [| e-CEE-EVJMRT 


QT po 三 -(Xj' 
hz 

Nu is called the effective density of states in the valence band. For silicor 
at 300 K. NV = 102/m3. It is seen that NCUNwv = 2.8. 


CO.I9. Discrss 研 e derrsib or states i7z Drie 太 
.rzs. The density of states can be defined 


二 3/2 
2TmhkT 
where NV= :| hh | 


as the number of electronic states Per unit 三 | 
energy range- We know that 更 要 
2 r 1 三 包 
s= 近 ( 总 ) 
2mN\2L 宇 
After differentiatings、we Set 四 
2 EF 
dE。 = z( 总 } 里 Energy En 一 一 
2 到 从 2 2 下 Fig. 了 76 Derrzsizoy Or 1ectrormc r 


Now dn/dEuis the energy levels perunit Stautes as i 天 rerzctiorz OF 尼 11erED; 天 
enersy- Corresponding to two spin states， Jor omze DizrzerzsiorzaZ Dzze. 471 te 
there are two quantum states and hence states are 111ect rP1O 天 erzzzi erlerBin 
density of states of a free electron gas can 歼 , at aBsotrute Zero 7TEITIPeraH0E 
be defined as 一 权 


2dn 8gL2m 1 2 

mn 一 mm ID 

下 ) 三 一 一 三 一 一 一 -一 三 4 吕 一 一 -一 mm 

2 二 dEn h2 “mn [ 寻 -| 卫 Fe 

This result is drawn in fg. 3.16.- 

@.20._ Prore 太 ar 研 e cormadrectipity or a semzicorzdrector 让 Biperz DY 和 | 
G=9g( 人 Hp +mre) :>h 


4mzs。Vhen an electric field is applied、 the current flows through the 
semiconducror. The fow of current in a semiconductor, is due to the movemenl 
of free electrons in one direction and holes in the opposite direction. We knowie 
that electric_ current in a metal is given by the relation， 
本 = q-n-H-E 
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Thus current density、 which resuljts duc to thcec movcemecent of cjlecctrons 
only. is given by thc relation、 
Je = g.n-He- 握 
where ”he = Mobility of elecctrons in a secmiconductor 
A similar expression can be writtcn for current dcnsity duoe to hojles in an 
intrinsic semiconductor and is given by rclation- 
Jh = g-P. Hp 三 
)where h = Number of holes Per unit volume aljlso called the concentration in 
an intrinsic semiconductor 
hn = Mobility of holes in a semiconductor-. 
The total current density within an intrinsic semiconductor- 
- J 了 =J 工 +Jnh 
= g.n-He-E + gq-P-Hph- 王 
= gCn.hHe + P-Hp)E 
where G = conductivity of a semiconductor 


丁 
瑟 = qgCn-he + P-hh) 
or G = q(phh + nho) (= 去 =sj 


CC-27. Defirze arzd exzPpieirz cParge cerzsiries irz m-tyPe cz2Q 也 -ITPe 
Yer7zicorzcrectors- 


Or 
人 ser7zicorzcrtctor 1zas corzor GT1zc ccceptor corzcerztratior or AN ad 
resPpectively. Hat retatiorzsPziPp mazrtst je rsecl io ciererrrzirze 大 e ezecrrorr ma7zd 
Polie 书 corzcerztreziiorzs 了 
4rzs- Total number of Positive charges/ms3 (called positive charse density) 
in a serniconductor 
一 NDp +P 
where, ND is concentration of donor atoms (ie.. the number of Positive charses/ 
na contributed by donor ions) and the total number of nesative charsges/mns 
called negative charge density) in a semiconductor 
一 NA +n 
vhere， NA is concentration of accepror atoms (ie-、 the number of nesative 
harges/m3 contributed by acceptor ions). 
Since the semiconductor、as a whole、is_ electrically neutral、therefore 
nasgnitude of total Positive charse density is equal to (total nesative charge 
iensity ie.， 


Np +Pp=NAT+n == 计 


一 espeaeEPEEEEEEEEEEEEEEPITTEEFTEE 瑟 于 天 
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Now consider an n-type semiconductor. In n-type semiconductor 山 
concentration of acceptor atoms is zero (ice.. NA = 0). and also the numberec 
free _ electrons is much laraer than the number of holcs，(i.c.,n >> p).1 
n-type semiconductor、 the concentration of holecs may be obtaincd by usin 
mass action law (ie.、n.p 三 mn ) and its valuc is aivecn by Lhe relation、 

2 2 
ni 一 (iiO 
nn N D CC 

Similarly, in a p-type semiconductor. number of holes is much larger thaz 
the number of free electrons. Thereforc. hole concentration is cqual to numbez 
of acceptor atoms/m3. The concentration of free electrons may be obtaine 


by using mass nction law and its value is given by relation， 工 


P 三 


2 人 
下 LGiii 
P NA 
5 
mnN = Free _ electron concentration in a_n-tyPe semiconductor 
PN = Hole concentration in a n-type semiconductor 
np = Free electron concentration in a P-tYyPe semiconductor 
pp = Hole concentration in a p-type semiconductor 


Then equations (ii) and (iii) may be rewritten as 


加 vi 
PN nN NA 


It will be interesting to know that it is possible to add donor atoms into ap 
type semiconductor. Similarly it is also Dossible to add acceptor atoms Into an ra 
type semiconductor. If an equal con.， .ration of donor atoms and accepta 
atoms is added into an intrinsic semiconductor, it remains intrinsic semiconducto 


NuwmsRicaL PRoblLswms 


Prop.7. Jrmremzper or electroras Presermt iiz 7 cmz 1erzgt1z oa mazetal (Or 
| Jiumrctiom = 2.7 eV) 王子 x 了 TI07, jirad tine Fermzi erergyy tPe Ferryzf terrzPeratrtT 
| arad tire cdeptP or poterztial mell or tpat metaL 


N2h2 
32mLz ” 32x9 
2.39 x 10-19 本 


Fermi energy、 EF 三 


SoL Given,L=1cm=102m.N=4x107. 中 =2.1ev. : 
| 


2.39x10-19 
| 一 eV 
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/ptroaucliion io So1as 秒 去 


EF 2.39x10-19 4 
Fermi temperaturec， TF= 三 二 全 二 = 工 732 交 104K 
k 1.38 x10-23 
Depth of Potential wecll，、 下 =EF+ 中 =1.5+2.]1=3.6eV Ans-. 


Prop.2. Calcrelerie rze PropaPpitity 1Pat 人 staute iaz tpe corrctrectio1z Dar1zd 三 
Occrpiec Ph ar eltectrom G1cd calcrelarte IPer11zal cqrEEDrirez erectro7z 
COTICC1117aLIO7 TI Siiicorz GT 一 3 了 300 天 4ssrr7ze te 三 erz1z1tf erzerBy i O25 eF 
Pelom 1e corzdrctior Da1zGL 7T1ze Palree OFVc(e1jfecrire cderzsity orstatesJierzctio7z 
7z it1re corzctrectiorz Perrzc) is 2.8 xx 7072 了 认 全 人 CR.G. 己 FAarc1[4Pprz 2070) 

SoL_ Given that、E, = .0.25 eV N。= 2.8 x 1019 cm-3 = 2.8 x 1025/m3， 
T = 300 KK kT = 8.6 x io-s eV/K 300 K = 0.026 eV 

The probability that a state in the conduction band occupied by an electron 


js given by 
] ] 


f(Ec) 1+[exp(CEc 一 EF)/KTI] I+| ex | 
0.026 
一 6-67 x 10-s Ans- 
The thermal equilibrium concentration of electron is given by 
Ne ce-CEc-EF)MKRT 
2.8 x 1025 x e-0.25/0.026 
= I.87 x 1021 per ma3 Ans- 


Do 一 


Prop.3 了 3. Calcrelerte tiPePpropapirny' oroccrparzcy erzerey 1evezPy azz erectror 
zt 3 了 00 天 hpjzicP is yi17z8 0.075 eV Petom 天 errrzi 1ereL (CR.G. 忆 Frerze 2008) 
SoL Given，EF 一 王 = 0.015 evV、KT = 0.026 eV. 
The Probability of occupancy energy level by an electron is given by 
1 I 
f(OE) 一 1+eCE-EFIMKT 一 一 CEF 二 E)ZKT 
I 


一 1 十 ec-(001570.026 


EPERDIEESSE3EERREPEEER3EEEREEET 王 STREET TREESEHEREETCTTE 一 Re 
BLOCH'S THEOREM FOR PARTICLES IN A PERIOPDIC 
POTENTIAL KRONIG-PENNEY MOPEL (NO DERIVATION) 
AND ORIGIN OF ENERGY BANPDPS 


CD.22. Discress 屯 ioc1zrss tiPeorerzz for partictes ia Ga Periocic PorterziiaL 


人 


= 0.640 Ans- 


4rzs. The description of the electron in the periodic material has to be 
hrough the Schrodinger equation 
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本 
| 一 一 +AKnD |wen 
<mn | 

where UIT) TePrEsents the hackground potential seen by the electrons. Bess 

of the cmstaliine nanure of the material. the potential U(r) has the ideasa ， 

penodicity. Rss the lattice. ; 

UID= Ur+R) .上 

When the bsckground potential is zero, the electronic functionina volux 

V can be defined as - uikr 1 


YY(r) = 


[一 EWIr) 1 


一 
尽 V 
and 由 he electron momentum and energy can be written as 一 
p= 力 K 
ji2k2 
E 二 


2m0 


Non-periodic Potential 


(中 


了 Periodic Potential & 


T 一 一 一 名 
WA -omDe 

Ilytri 已 

一 一 人 押 

( 雪 沁 


el 
Fig. 3.17 (aj Porential and Electron Probapilipy Value or Typical Electro 有 lw 
Reve-/urrecfiom aa Rarzdomi faterial 
(Te BE1jecl ora Periodic Background Poteniial or ar Electromic Warre 
Functiom. ma re case or the periodic polential iwP has me samie Spatia 
Periodicipy as We PolemliaL Tis PULS Q Special Comstraint om WII) 


aceording to Biochs Teorem 3 


RE 一 一 到 2 asd 
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The wave function is spread in the totad sample and has cqubal Probahil 
(ww) at cach Point in spacce. Let us consider the Periodic crystal Bec 
cach cecil i >ame the clectron prohahility is cxpccticd to he 9in al unig ceils of 
the_ crystal、When the Potcntial was rndom、this would not be LUhe case、xa<s 
represented schermatically in fs 3.17 fa 了 
and is Put in aa mathenatical form by Bioch' :he TD - 

Biochs theeorem xstatcs 由 at thec clgen functons of the Schradinger equation 
for a Periodic Potential are the Produclt of a plane wave erkr and na function 
ukCr)、which has he identical Periodicity as the periodic potential Hecnce、 


YEKCOr) 三 
Equation(ii) is the form of the electronic function- Tbpe periodic Part ukxfr) 

has the same periodicity as the crystal: ji.c- 
ukCr) = uk Cr 十 下) -iv) 


this cxPpectatio 1s Correct 


cikruk (Cr) .于 


The wave function has the Property 


VCr + 入) = cik(r+R)ukCr+R) 

cik-rul Cr)cik-R 
ik- 严 

一 kr) -CCv) 


The wave function is shown in fig. 3.17 (b). 


@.23. DescriBpe je pe1zariorr Or arz efecrromz ia Periociic Poterztiag zstrmze 

tize .Firzal expressiomz or 开 rorzig-Perzrzey 7720OcteL (R.G- 严 下、PDec- 2073) 
Or 

Descripe tpze corcept or aliowect arrd Jprpidcterz erzerey Pearmcis im ec SzrRte 


CITStGL Gzealitatipely .1rormz t1ze resrelt om tpe 天 roris-Perzrrey mmocticez 
(R.C- 尸 下 、3TarcPLapriz 20O70) 


Or 

Plazaz tiPe “KKrorzig-Perzrzey mmzocdef or solids cmd soyr tar iieacs ro 
el1zerey Dearzct strrictzere Or soliczs- (RR.G- 习 Dec- 2070D) 
Or 

Descripe tjze Pearviorer ar arz efectrorz im Periodic Poterztiaz resiyzg Fraaz 
expressio1z ar 天 rorzig Perzrzey mazOcel cr2d exrpiairz ie Drmmratior or ermerey 
Dearzcdts- ( 民 .C- 天 中、_1zzrze 207-8) 

7zs- 攻 ronig-Penney Miodel 一 To explain the behaviour of eleccron in za 
solid under a Periodic potential、Kronis and Penney assumed that dhe Petential 
energy of an electron can be represented by Periodiic array of rectrum Potential 
well as shown in fig. 3.1S. 

If electrons are movins freely then Perential enersgv of a free electron is 
represcnted by fis. 3.18 (Ca) 

If the number of electrons are mmany more then potential enersy curve 到 


2Siven by the fis. 3.1S (b). 


ee 
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utx X 一 一 


i 
or- 


(a) 


Fig. 3.78 


Fig. 3.18 (b) shows the different energy levecls insidc the metal. All the 
electrons from the lowest energy to EB are bound with their atoms and 由 hey 
can vibrate only with a very small amplitude、they cannot lcave their atoms. 
Here，EF is the Fermi energy level. This is the level of maximum K.E. of 
electrons. The depth of potential well is Es. is the work function of metal 
and work function of 
metal is defined as the 
minimum required enersy 
which is necessary to 
emit the electrons from 
the metal surfacec. 

On this basis Kronig- 
Penney propossed thec 

z i 一 ! 
人 0 Fig.3 了 .179 Ermergy Barzds ad FoOrBpiatcdiermz 巨 FerBy Gap5 
(Each electron in metal is in the electric field produce duc IQ 
charge distribution of positive ions and remaining electrons. iv 
(ii) Electron is associated with the entire crystal. and not On 》y 
an atom. 6 
ii) Electron moves in a periodic potential produced by the !om 
and other electrons inside the crystal. 
(iv) The potential of crystal is periodic which is represented as 
VCxJ) =0 Inregion 0<Xx<a 
and VCx) = Vo (constanD in region 一 b <x< 0. 
whbere a is the lattjice constant. ” ion 邮 

In both these regions, the Schrodinger equation for the wavec funcu 

associated with nth energy state En of electrons are 一 


2 2 四 
jn region 0<x<a + Enyn = 0， (since.V=0) 
和 


2 7 _ 二 | 
and in resion 一 b <Xx<0.. 人 十 2 (Eu 一 Vo)yn = 0，(since.V = Yo) 
* 


会 nn 
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By solving equations (i) and (ii)、we Set followins condition 


mVob  . Cs 
一 一 Sin oa + cos cra 三 cos Ka .5 
2m 焉 人 Yvob 
2 _2m mm 1 
where，Q- 三 5 and 了 三 9 
方 一 方 一 
P sin cca _ 
旺 十 cos ca 一 cos Ka (iv) 
Ca 


In above equation、 the graph between L.H.S. and ora is 


From the graph it is clcar that the left hand side are maximum when oa = 0. 


Then in L.H.S. the min. and max. value of cos ca will 
be 士 1. JU is clear that only in there specific ranges of 
om the allovwed cncrgy levels arc continuously obtained 
i.c.. cnersy bands are obltaincd in there spPecific ranges 
and nol the discrete energy states. Obviously there are 
no energy statcs Possible for electrons in the ranges 区 
to q. 2Tc to r. 3Tr to S.……….-i.e.. these ranges represent the 
forbiddecn cnersy gap. Fig. 3.20 shows the energy is. 了 20 天 mrerBy 
spectrunl in a_ crystal. 

Thus from thec Kronig-Penney model. we Set the following conclusions 一 

(0 In the metal. the energy Spectrum of all the electrons. there are 
several energy bands separated by the forbiddien energy region- 

The enersy band completelv filled with electrons is called the valence 
band and he energy band which is either compPletely empty or partially filled. 
is called conduction band. 

(ii) As the value of oa increases, the width of the allowed cnergy 


{ Conduction Band 


Forbidden 
EnerRgy Gap 


inCrystal 


Energy 


Yalence Gap 


band increanses- 

(ii With incrense in the binding energy Vo of the electron the width 
of a particular allowed energy band decreases. 

(iv) When binding energy is zero then energy spectrum becomes 
continuous. 

(v) Alt the wave vector 区 = 土 nTxa， the enersy is discontinuous. 
These value of K give the boundaries of Brillouin zones-. 

(vi) The energy of the energy band is a periodic function of K. 

(vii) The number of total Possible wave function in energy band is 
equal to the number of unit cells- 

(Cviii)The velocity of free electron is zero at the Lop and bottom of an 


energy band 


Scanned with CamScanner 


3 


Spectrar7a pz Ga Crmsta 


132 ”Engineerng Physics 


1 ALT = (KK (he effective number of cjectrons in comipletcl' 
全 jed hand is zero The conduction is not possihle in the energy band completehy 
人 led with electron heam the clectron wii leave it alowed statce only wher 
there is any pthet allow ed cmpty state avaiiable for 1 Since in a completel 
flled energy hand !berc wi he po allowed empty wate, therefore conductios 
费 训 not he poswie 


作 24 Draw periodic pofenmiiaj observeg jy an elecfrpm Moning om 
而 menrional cryslal iatrice。Discuxss Kmig-Penmey modrl proposed J/m 
Periodic pofeniiaL Write Scjtrpdinger weve egaaefion Jpr arh Penmlial on 
ep ilufion， (RRG.P VC PDec 加 市 
(人 r 
Discusr salienyJeatures af Niromif-Prmmer moaei (已 CPT Jun 加) 
tr 


Discusr Konig-Penmey model 仿 人 PWM Pre 3 
AAA Refer the anps of Q2 


(25. Draw F-K cumejor an einctrna meprimg isoriodir jprmoial [xfew 
人 ective mas (mri and Pre ihal dgjpctinr ma of an riveron ip8yrn 全 


， 让 
”2E1) 
ed expliain ivsical sigmifecencv. [于 行 站 Nmr 戎 二 
人 
情 fe tony note on ecsine mesr Wy nieetrem 人 展 丰 六 1 jwnr 其 着 
人 


Wi shory notr on ojecgive moss (ROLL Jon DO June 项 


AN Cnesider the arccieralien of 人 Cocone mg 站 由 Per 
late SuYvmc thal an citernal eecanc fd wiiod in mciorn rmos 
和 ar The nocelerabon 0 he ec defiond mm le mac of rhoogr 及 
谍 Joap velocty 4c 


遇 而 志 
The jwp vekociy opParuck Snves oo- 
VY 网 ww- 
本 3 
wbene YY = -Beoglie froqguency 
Warvr new 
Winow 证 芭 = by 
于 如 芷 、! 是 
Hencr it” 5 用 和 
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133 
Suhstiture the value 呈 YV in equation (we have 
硬 
1 -三 dk 
如 二 避 Rs 
记 IIK= di 


vvhecn 由 he 


ectric field E nct on the electron incqduires an imcrease in VCelociEV 
TUet dvV_) over a distance dk in fine dh Then Inerease in enerey of 由 he elecoon 


dE Ci dd 
dE = .dK = 一 eE dx eE V 而 di 
dk 4 太 。 dk 
eE diK eE 
Therebhy dd = di er 
入 dd 太 
人 
Sohute the vaoec of ji in cquaton (01). we havec 
K 
dvV- 1 十” 开 
3 一 ecE 、 7 
< 胡 - dk - 
真 三 dV。 
cc 和 .ii) 
td-E7/cd -~ 中 
mpcces 引 free eEE on (the electron with Celeration 
4 1OPeortoneaity foctor 月 -Ad2EVdUk2). Comparing this with 
ae 有 < tm rc factor 户 -Nd2Evdk2) maty be reparded ns the 
VE 好 ”he eectron 
4 | ecEroe 05 
了 
和 昌 fr 
| < 辽 ”) 
本 7 本 7 丁 
T Ag ciTYeecivec TSS Of 
? ov Wihr c 和 electron 
fa free ckeceromn)、 thewn 
府 “ 人 发“ 
2 
只 
f 《vi mm 吕 Fw 
仿 ae 
和 Ag 2 Ar 
Eeeas tv ad IIv)》，we ef 
SR 17pcrrrr 4yoss eax er 
1093“ 1 天 Macrirrr xir 大 
erwe 2 ra 1 全 eecesve ra 01 SF 
es 2 we 2 ie boat of eye rd CUIVC 2 te 40 
Sr 1 sm pcceoe rsferafy 四 ie jingcct cf 有-K curve 
六 9 bc pr po aa wh fx 1 TVOA 10 有 Pericxiic 
oacr 臣 Am fy im te 刘 w restyroer 


TIW 1 2 0 Nerver 
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my Wi not be name for | energy yalues but it will vary due to the complex 
form 可 由 ec Eeeurve 


V-ICHARACTERISTICS OF PN JUNCTION， 


2 ZENER DIODE 


从 ie he construelionm delail or p-maJunction diodle. 


ns Whenasmallqusantity ofimpurity is mixed in au pure semiconductor, 
the density of impurity atoms in the semiconductor is nearly uniform. 
Consequently the charge density within the extrinsic semiconductor js also 
uniform, since only one charge carrier is obtained from one impurity atom， 

Now if in ua pure semiconductor the donor impurity is doped from one 
Side and the acceptor impurity is doped from the other Side, the concentration 
of donor impurity uplo a point A on one Side before the junction and the 
concentration of acceptor impurity upto ua point B on other side after the 
junction nearly remains uniform, whereas the concentration of donorimpurity 
from the point A_upto the junction C on one side and the concentration of 
acceplor impurity from the point B uplto the junction C on olher Side decreases 
mapidly._ and ultimately the concentration 
of these impurities become nearly Zero at As 
the junction C. Thus from one side of he @ 一 
crystal upto the point A, the concentration 


of donor impurity is continuous while 
from other side of crystal uplo the point 三 
B, the concentration of acceptor impurity =E 
is continuous. while in between the points 三 
A and B, the concentration of impurity ES 


becomes discontinuous and becomes zero 
this is shown in the fig. 3.22. 


Q.27. Write short niote om p-njiauniction diode。 (R.G.PY，Ju1ie 200 外 
418. We join a piece of p-type Semiconductor to a piece of n-type 
miconductor such that the crystal structure remains continuous at the 
ndary as depicted in fig. 3.23 (a), ap-n junction is formed which is a very 
al device. Such as p-n junction is known as a Semicomductor diode, P- 
ction diode or simply a cmystal diode. 

{ The circuit symbol of a semiconductor diode is shown in fig. 3.23 (0) 
4 he graphical symbol is shown in fig. 3.23 (b). The arrow in the symbol 
Weates the direction of conventional current flow when the diode is forward 

)iased. The p-side of the diode is always the positive terminal for forward bias 
andis called the anode.The n-sideis known as the catjode and is the negative 
ierminal when the device is forward biased. 
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4 FFr5E 强 cz6 


oOge 


生硬 全 de Catkode 


fj) Circuit Sy171DOL (DJ CrcPpFicczl SrzzPo8 
1iB- 了 2.3 万 -2 .1rerzctip1z Dipcde 


C.28. FExplerirz 1ze Ferzzzi LePEL 112 117 PIPECSPCE 记 -11_F7aCEEDI 

47zs- Fig. 3.24 shows the cnergy band diagram of an nbiased p-njonczion- 
In the n-type semiconductor the Fcrmi Jecvcl EPp Hecs near the botorm EC cf 
conduction band and in thce p-Lype semiconductor he Fcrmi lcvel FE jics nczr 
the top Ev of the vajlence band. But when a p-n junciion is formecd. in equilibribrn- 
The Fecrmi levcl EF acquirces a decfinite valuc. JI impPlies thal Ihe bororm Erp of 
conduction band of P semiconductor and thce bottom E 人 一: of conducrion band 
of n semiconductor do nol Jic in thec same level. Simjilarly rhe roOP EvP of 
valencc band of P secmiconductor and thce toP EvN of valence band of 
semiconductor do not Jie in the samec lcvel. The difference in energy ai the 
bottlom of conduction bands or thc difference in cnergy at rhe top of valencec 
bands of P and n semiconductors is cajlcd the barrier encerEy- 


生 昌 
,Conduction Bandi Condoction Band 


王 Cr 


Valilence Band 


Depletion Layer 
Fig- 了 2 了 
Barricer enersy EB = Evp 一 EvN = ECcp 一 ECN = esYVE- where = is 由 he 
electronic charsgce and VB is the barrier Potential. 
C@.29. Descripe Witfz sreitaBp1e ciagsrarrzs re corstrrztcrior arrG cctior o 矿 
万 -1z .Jre7zctio7z ctioce. Discress tPe Pjzysiceal Processes tpar raKe Piace im ad 
1zCar tjze cepieriorz 1cye 太 (ER.G. 己 1、SePpr 2009) 
4rzs- Refer the ans. of Q.26 and Q.27-. 
Working action of Pp-n junction diodec are of two types 一 
(i) Forvward bias (ii) Reverse bias- _ 
(GD) Formoerca Pias 一 YVhen an external volrase is applied with the 
Polarity as shown in fig. 3.2S.i is known as a Jprmeara pias. An ideal P-a 
diode has a zcero ohmic voltasge drop across the body of he ceystal. For such 
a diode、the heisht of the Potential barrier at the juncton is lowered by th= 
applicd forward voltasge Y. 


一 RERRRRRRRRRERREREEREEESEPSEree] 
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Meltal Contacts 


Y 
(a) P-nm Juncfion Biased 训 他 ) RectfiFer SymzpolJorp-m Diode 
tje Foreward Direciom 
Fig. 3.25 
Theequilibrium initially establishes between the forces tending Lo produce 
diffusion of majority carriers and the restraining influence of the polentidl 
enersy barrier at the junction will be disturbed. Therefore, the holes cross 由 
junction from the p-type to the n-type and the electrons cross the junction mn 
the opposite direction. These majority carriers can then travel around the closed 
circuit and a relatively large current will now. 
( 芭 ) Reyverse Bias-Theapplied voltagein the direction indicated in fi 
3.26, is called the reyerse or blocking 5ias. In fig. 3.26, a battery is connected 
across the terminals of a p-n junction. The ncgative terminal of 由 e ER， 由 
connected to he p-side of the junction and the positive terminal to the n-SICe， 
Due to this type of connection, holes in the p-type and electrons jn 由 e 0 
move away from the junction. As na conscquence, the region of negative-Chag 
density is spread to the left of the junction and positive charge density reglon 和 
Spread to the risht However this process cannot go on indefinitely becatus d 
order to have a steady now of holes to the left these holes must bc SupPL on 
across the junction from the n-type Germanium and there are very few holes 
the n-type side. Therefore， nominally, zero current results. 
Metal Contacts 


T 


一 一 一 一 


下 二 
一 | 十 
V Y 
(f@J P-m Junctlion Biased im Une ( 蕊 Recliier Symipol or me 
Rererse Direcliom P-m Diode 


Jipg. 了 26 
Jnfact a small current does iow because asmall number of hole-electron 
pairs are produced throu&ghout the crystal due to thermal energy. The holes 
formed in the n-type Germaniun will wander over to the junction. A Similar 
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remark applies to the elcctrons thcrmally producccdl in the p-tyPe Germaniogmn. 
This small currecnlt is known as Ihe diodc rererse SCUUrC1EDTT CTETE -This 
reverse currecnt will incrcasc with incrcasing icmPperaturc. Thereforc， back 
resistance of the crystal diode decrceases on incrcasing the icmperaturc- 
NMechanism of conduction in thc rcverse direction can be cxplaincd in the 


followings vay 一 

When no voltage is given to the p-n diode. the potcntiajl barricr acrpss 由 1 
junction exists. If a voltage V is given Lo the diode in the rcvcrse direction- 
then height of the potential-encrgy barrier is increascd by the smOuRI cV Dus 
to this increase in barrier height. the Tow of majority carriers is reduced- Bot 
the minority carriers are unaffected by the increascd heisht of the barricr 

Physical Process of Depletion Layer 一 We Know that a P-tyPe mateTial has 
holes as majority carriers and negatively charged imPpuricy atoms- called neEatve 
ions (or acceptor ions). The n-type material has free electrons as majority cameTs 
and Positively charged impurity atoms, called positive ions (or donor ions). When 
we combine these two materials, following process Lake Place 一 

(iD) The holes、from p-region diffuse to the n-resion- where they 
combine with the free _ electrons. 

(ii) The free electrons，from the n-region diffuse to he P-IcSiOn- 
where they combine with holes. 

(iii) The diffusion of holes (from p-region to _n-resion) and free 
electrons (from n-region to p-region) takes Place due to the reason that there 
is a difference of concentrations in the two regions- 

(iv) The diffusion of holes and electrons across Ithe junction takcs 
Place for a short time. After a few recombination of holes and fres electrons- 
in the vicinity of the junction.a restraining force is automatically se uP- This 
force is produced due to depletion region。 which exists on sither side of the 
junction. As a result of this. further diffusion of holes and free selectrons From 
one region to the other is stopped by this depletion layer The termanon ef this 
depletion is explaincd bclovw- 

We know that as soon as the p-n junction is formed、some of the ee 
P-region and the free electrons in the n-region diffuxse in each erher and CDEe 
due to recombination. In this process。、the nesative acecePIOT IODS 二 De 下 
recgion and positive donor ions in the n-re&ion zarc left uncevered in the vicInIIY 
of junction as shown in fig. 3.27. The additional hoelcs、 
n-rcgion、anre repelled by the uncovered 
Posilive charae of the donor ions- 
Similarly. the elecctrons, trying to diftuse 
into the p-rec&ion、are repelled by the 
uUncovered ncaaltive chargec of thec 
accecptor ions. As an result of this、thc Fig- 了 27 


REEPTPTeE3 


rrvins ro diffuse to the 


Depletion Layer 
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further diffusion of free electrons and holes across the junction is stopped. 
Theregion containing the uncovered acceptorions.in the vicinity of thejunction。 
is called depletion region. Moreover' as the uncovercd charges within the 

depletion region exists in the form of parallelrows orplates of opposite charges 
therefore, it is known as depletion layer. 


@.30. Draw mneat energy Banmd diagranmzas or SyIID1etricalty ciopped pn 
junction when 让 这 一 
人 Vnpiased (这 Forward 5iased (这 ) Rerersed Biased. 
(R.G. 忆 TY，Dec. 20 中 
Mns. (i Energy Banzd Diagraml or Upiased P- Jrzctio 一 The cnergy 
band diagrams of the individual p-and n-semiconductors are shown in fig. 3.28 
(a). The Fermilevels EFp and EFn arc at different levels. At the instant of joining 
[fig, 3.28 (b)] the levels EFp and EFn in the two semiconductor regions are mol 
aligned. The probability of occupancy of energy levels in the conducuon band 
on n-side is high while it is low on p-side. Therefore. the electrons occupying 
the levels in conduction band on n-side tend to move into the conduction band 
levels on p-side. Similarly, the probability of occupancy of valencc band lcvels 
by holes on p-side is high whereas itis low on n-side. As ua resujlu holes tend to 
migrate into the valence bandlevels on n-side. Currentflows duc to such migration 
of carriers. As high enerey electrons leave n-region thc Fermi level EFn， which 
Teprescnts the average energy of electrons. moves downward. 


了 p-UyPe 


PE ntype 


一 
Conduction Band 


ee======ee=e========eee EFp 


ar 本 这 


(dg 


Metallargicai 
Junsiion 


上 lcclron 
Current jen 
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Since the Fermi Jecvecl is 行 xed rclative to the band structurc of the region- 
its movemecnt causes downward shift or the cntire band structure of the n- 
region. On the P-side holcs having hishcr cncrgy jeavec thc rcgion- As the 
direction of decrease in holc cncrgy is upward. Thc Fecrmi Jevcl EFp shifts 
upward. Along with 巨 Fp the entire band structure of P-region shifts Upward- 
The shifting of cncrgy bands continues UJl the cnergy levcls EFp and EFn arc 
cqualised. When they come to the samec Jevcl the carrier mijgration ccascs and 
cquilibrium condition is attainced. 

The mutual displacement of the energy levejs on both the sides causcs 3 
bcending of thc encrgy bands in the region around thc metallurgical junction as 
shown in fig-. 3.29. Each side takcs up a different electrostatic potential. 下 
results in a potential barrier Vu or an energy hill of hcight eV Electrons in the 
conduction band of n-region face a raising enerey hill which may be cajlled a 
conduction hill. As thc direction of incrcasing cncergy is downward for hoics. 
the holces in the valcncce band of P-region encounter an encrsy hill which may 
be called a valence hill. 


。 Depletion 四 
了 了 Re p-n Junction 


Conduction HiDI 


Electron Energy Increases 
Hole Energy Decreastes 
WSIOU 3DU 
IEUEERETITEETR 


Yalence HE 让 
p 
7TiB- 了 29 歼 rrergy 吾 cerzcl PPDiczsrrerr7z QQ 厂 P-7z Fertctiorz ct 无 GPLEPDrizLT7z 


Many of the clectrons from the n-rcgion movec toward the junction region 
but cannot surmount the conduction hill and return back to the n-re&ion. For 
example the clectron marked 1 in 人 ia. 3.29 Fails to_ climb condition Phi. 
Occasionally、a few of the_ electrons which have extra cnersy succecd in 
Overcomins thc conduction hill and so into p-resion. On the other hand- the 
electrons in p-re2ion can roll dovwn the conduction hill ecftortlessly and Pass 
into n-region. For cxample the electron_ marked 2 in 和 SS. 3.29 roll down the 
conduction hil. The twvo current components due to such miaration ofelectrons 
arc in oppositc direction and balance cach other Sinmilarly the holes movins 
from P-rcsion toward the Junction cncounter Lhe valence hill ancl retuurn back- 

For cxzaumple the hole marked 3 in fg. 3.29 fails to surmount the valence 
bill. However  a few energetic holes succced in goina into n-re&ion- The holes 
in thc n-region readily noat up the valence hill recaardlcss of thec energy of the 


人 ee 
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P-region- For exarmple. the hole marked 4 in 有 8. 3.29 有 oats Up the vajence 周 
the twa curreni components due to opPosite 有 ow of hojies bajance each other 
The pet current across the junction is therefore zero. which is charac 
of the Junction at equilibriumn- 

(让 Energy Band Diagrant or Foreard Biased 广 -7 JUNCIiON 用 
3.30 shows the steady state condition of the enersgy band diagranm in the 
bias condition. An increase in electron energy due Lo neSative Wi 员 
cxtemal source and therefore an upward shift of all energy levecis on the 了 
Similariy. an increase in hole energy due to positive terminal of exIemal sOUTCE SO 


; ievels E_， and E- 8 
therefore a lowering of all levels on the P-side. The Ferm' jevels En and “可 
Separated byavalueeV FE ， 
because of the 和 四 本 nlype 
displacement of the pe 


energy levels occur in 
opposite directions. 
Alsoncarthe depletion. 
the bending of the 
bands is reduced. The 
Imovements of the 
majority carriers is 
promoted by the 
reduction in barrier 
heights. Consequendy。 
Ihe components Jhp 
id Jincrease. Fipg. 了 30 | 

The decrease of height of the barrier does nol play significanl 1 
case of minority carriers, C jencrally. those carriers which are near the' 有 ， 
region are in favourable Position to cross the junction。 Electron ID Le 
the conduction hi from P-side to n-side, wbile hole move up the 有 
[from n-side to p-side. 


(Prergy Banrd Diagramz O1 Rerersed Biasedl -1 Ju1CLUO 的 
31 Showstheeneray band diagrmam forap-njunetion underreverse bias condl In 
Te pesitive Ienminal of the extemal source connected to the mside deereases 
energy of the electrons. Thus the eneray levels on n-side are moved down. 5 
megalive Iemmninal ofextemal source is connected to DP-side decreases the enerRy 1 
holes in Pre&ion. Thus the energy levels are Pushed up on p-side. The Fer mm 让 
jevels Ei， and ERet separated by an amount eV because of his displacemenlo 1] 
eneray levels on both sides. 


The barmier height rises to a value of e(V。+ V). The majority carrier 


Do0 


ojin th 
pleUe 
Jown 


记 , 
1 二， 


cannot climb up the hills to go into the opposite regions because the barrier hills 
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are now larse- Ihus- 王 5 
there will not be 了 Rezion atyYPe 
diffusion current due LO 
majority carriers- 
Althoush. for mminority 
carriers an Teverse 
condition prevails. The 
electrons created near 
the depletion laycredse 
of p-sidc can Slide 
down rhe conduction 
hill and the holes created 
nearthe deplction jayer 
edage of n-sidec can 站 oat Fig- 3.37 
up the valence hill. 
Therefore the minority carriers can cross the junction and cause the Dow of 
drif current. The current across the junction is Siven by 
J 了 = 一 (Jhn 士 汪 ee = 一 。 

JF we replace V by -V then diode equation is applicable for reverse bias 

condition.- Thercetore- 


J= 一 Ji(e<wWKT - 1) 


For larse valuces of V. this equation becomes 
J 全 Eu 风 


We can represent above equation in terms of current as follows 一 
I = 一 二 
G@.3 了 7 Drerw' cd12C epiaizz 1Pze Polt-arzzPere (T- 站 cjaezrccteristic Or a 万 -天 
rerzctiorz cliocte- 
1 ms- Forap-njunction, the current Tis related to the applicd voltage V by 
the cquation as follows 一 
= io(enw -1 
where、 1 = Reverse saturation Current 
VTr= Yollcquivalent of temperature. 
A _posiltive value of current I means that current fows from lthe Pp-side to 
rn-side. The diode is forward biased if voltage V is Positive zamd indicating that 
the p-side of thec junction is Positive with respect to the n-side. The symbol 刀 T 
is 1 for Gernanium and is approximatcly 2 for Silicon at the rated currcnl. 
The volt equivalent of temperaturc is obtained by the equation as 
轩 
11600 


VT 2 = 全 动 
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where T is temperature in degree Keclvin，i.e. (5K). At room temperatur 
T=27"C = (27 + 273)"K = 300"5K. VT = 300/11600 = 0.026 V = 26 myvY. 
The volt-ampere characteristics described by equation (CD is Showni 
fig. 3.32. When voltage V is positive and 
several umes VT.the unity within the bracket 
in equation (iD) may be ncglected. Hence the 
currentILincreases exponentially with voltage 
VY exceptfor very small values of voltasgc V. 
When he diode is reverse biased and IVIis -V 
Secveral Limcs YT、then the current I 


Forward 
Bias 《 


apProximately equals to he negative valuc Reverse | 
of reverse saturation current ic., 1 = 一 To- 下 | 
The reverse current is therefore constant。 


independent of the applied reverse bia 


-1 

和 Frig. 3.32 YDI-aTIPere 于 
aconseduenee luisreferred to as the reverse Cjaaracterisfics oa PT 
Saturation current. Diode :< ettlled 由 

The voltaae nt which the current starts to increase rapidly 3 0 Tv fo 
cul-in voltuge or knee voltage (Vw of the diode、whosc VE 中 urrenti 
Silicoen and 0.3V for Germanium. In the reverse bias，、the io nA fo 
Yery Small only few hA tor Germanium diodes and only aa SS less tha 
Silicon qiodes. tremains small and altmost constant for all voltagcs idly fc 
he breakduewn voltase YAt breakdown the current increascs Fap 
Small inecrease in veltnge. 


四 wiipP JOr 
@32. Derive rnhe eqgruatiom jpor ideail crrremt-rottage 天 elaviornsO il 疡 : 
P-P junciion ciiocie- (R.G. 己 全， AZctrcA4P 请 


E 
。 有 _， om and do 
AAS 人 Prn junction conducts only in forward bias condition 


neot conduet in the reverse bias conditien. Hence itis an unidirectional 名 
In the foerward bias. minwrity earriers atre_ not affected Lence there 

ReESUTSRINerASS (he iuncetion。 The majeritvy earrier aue injeeted Int 机 1 
Teaiwn under Torwaurd Pinus is Soverned by :facteor cxp CeYVA TD). 人 EC 
the wbphuxsite reaion it difTruses throush the solid as at minority carmecr- ET 


由 近 。 站 二 ef 
the Tuxion current increases by the same factor。expGeVAKT) oO 
Suuilibhrium value- 


二 ea Th 1 

Ne the cument is caused by an electic field it is a drift current， 1 本 
Twoswnmbwonents naumely electron and hole drift current densities are desianate 1 
Je and Jrespeetuvety. 


he xiiffuxsion current in the torward bins condition may be expressed 和 


二 eVART 二 ] eeVART | 
总 ] hp 一 1 bp 
册 加 evVAKT 一] esVAT 
3 ep 
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t hole current across the junction is given by 


The ne E 
及 = 三 Jhp 一 Jhn 
r 了 二 CBN 一 也 < 
Similarly, the net electron current is given by 
本 。 三 还 em 一 了 5 
or Je 一 Jep(es “一 1) .Gii 
The total current Jis then given by 
本 =J 了 十 工 
VAKT 
本 Cnhn 二 Jecp) (es ]) 
一 Jole” 一]1) -iii 


where Jo = (Jhn 二 Je b) is_ called the reverse Saturation current density. If the 


area of the junction Gevice is A. then the current 
I=JA=I EYE 一 1) ---(iv) 


wherc Jo = JoA 

The equation (iv) which describes the clectrical behaviour of the junction, is 
called the diode or rectifier cquation. Where the forward bias V is less than the 
barrier voltasc Vo. Under this condition thec drift currcnt due to minority carriers is 
finite thousgh of smaller masnitudc. As the forward biaus increases. the electric ficld 
at the junction clecreases amd the drift currecnt component also decreases- VVhen 
MS exceeds the barrier voltagc、the minority carriers experience 
Therefore 


the forvwarcdl bi 
oppoxsina electric ficld ancl it can be sauid that they are reverse biased 
they tend to move avvay Irom the junction amd cdo not contribute to the net current- 


思 .33. EDplaizz tjze Pervzer ct1acl cclazzcFe 忆 PreGKctorerm ia cz D-7z aerzciiOmz 
diode cracddl ctisriagrisPa Petroeerr trzerrz- 
必 ras. In the reverse hins orp-njunction vvhen potentinl difference is slishtly 
t 1 beyond the potential correspondiins to the point B.the curreni abruptly 
Inereases as Shewn hy the dottecd line. In this situation an darmaae woccuars ai Uhe 
Junetion such that it does neot reaain back its or 3tc even ivolltage is 
then redueced to zero. The xiocle in this condjitien is said to be the breakdown 
diede :nc he point B is called the brextkdwown Point. There arec LIwo main 
easeons wuf Lhis brexatkdeowwn 一 
() erzer 已 reiKciorrz 一 了 enecr brextkdown takes Place when the 
Teverse bins fiecld across the bp-n juncetion is such that the fiecld mav exert Q 
Strong force on the hound electron It tear it out From ecovalenlt bond. Thus- 
aarae number of eleetron-hole pairs Nillbhe senermated LUhroush a viirect rupture 
of the cevanlent boncis. Thisx inereauses the reverse current abruptly. 
In addition，、，when there is larse doning in P and n semiconcducteors- the 
is alarse number of electrons and holes in the n and P-resions respectively 


near the junction、and the Fermi level of P-n junclion is more close to the 
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valence band of pb-recRion and 


了 
ceonduction band af n-region Since 


Conduction 
the hecight eat potential barrier 


inereases on applying the reverse 
bias. therefeore the conduction band 


eof nr-rcsion comecs in line af 
valence band of p-region. ln this 
cenditon. he electrons of vale 


男 
呈 
< 
只 电 
着 二 
3 3 
驻 
四 
电 


本 Valence 
nce Band 
六 1 归 归 
band wf p-region reach in their 8 一 
1 。 ion 1 3237 
corresponding energy states in n- Depletio 


region through the tunnel in the 


(cr) Lvzpiased 
potential barrier. Thus na large 
本 Conduction 下 
numhber of valence electrons of Pp- 翰 羡 和 Conduction 
o 
resion cross the junction and reach EcP - 
in n-region- 


---E 
| RE 


3 EvP 
(5) 4vaiarcPe rea 天 - 


E 
e 7 ] 
Valence alen 
down - When doping in P and n Band Band 
sermiconductors is low-. the ised 
tunnellins probability of electrons 人 


ith the atoms ofsemiconductorand wm 二 人 
quence electron-hole pairs arce formed- willa mb 
bias voltase is high. The Hi e 1argC -rel 
number of atoms get ionised and De accele 8 
of electron-hole pairs are formed The new electrons so formed S electro 
sand furnher ionise the other atoms- This process continues- 双生 the EoE 
obtained by ionisation TOVe Iowards the positive electrode 3n 

obitained move loward 


nmI 

UITC { 
s the nesative electrode. As a result the isati cf 
inCTeascs and the junction gets breakdown due to Permanent ionL 

atoms The avalanche breakdown volt 


因 eE35 
了 ipcr 
辣 age increases with the 
tcrmmperature- 


C3 了 3 了 Wirire sporr motes on 号 ec Joioinsg 一 

5 Ferzzzz emeTE7 [eyel (ii Zemrer preakciovwwyr 记 201 
(RG. 已 VE 
.ms (5 天 er7zxi 无 merBTy 了 Leyel 一 Recfcr thce ansof QO.13. 


fi Perrer 已 reaKcdorrzr 一 及 cfcr the sns. of O.33 (). 


30 
2.35. Bat 5 Perzer 万 reaKdpotm- xPplain 六 rice11y (RR.G.P 了 Dec- 一 
13. Recfer the 2ns- of O 〇 .33 (1). 


Js 
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0Q.36. Winat 丰 Zerzer clioce ?7 天 xpleirz itrs mwOrKig Tri tPe FeEEPP CO 矿 
characterisfic crre- 


Or 
F rire a more or Zermer ctiocie- ( 忆 .CG. 严 共 ，.J1rerze 2009，1D)cc- 2077) 
E 


) Or 


Erplain tre VY-1 cjzaracteristics OF Zermzer diode。 (PR.GPV，Dec- 20715) 


44nmsS- Zener diode is a p-n junction diode constructred for a definite 
breakdown voltage. The breakdown voltage depends on the doping density in 


the p and n type semiconductors. If doping is larse the breakdown in the 
Teverse bias of 


junction is Zener 


十 

breakdown and if 

doping is low、it is 

avalanche break- Co 3 
down.Thus by chang- duoee 


ing the amount of + 二 
ER doping Zener diode 一 G 

can be constructed 

for different break- 


down voltages. The 
symbol 


Zener 
Breakdomm 


eeeoopweoov 


Ed 
Reverse Bias 一 


net of 之 ener (OJ) 
_ diode is shown in 五 
334 (a). 人 四 
er 
ot the 让 voltage-current characteristic curve of a Zener diode is shown 于 
otted line in the fig. 3.34 (b) 
ai This 


5 diode changes 总 
Te 已 枚 光 忆 本 3 
ES Hence, this diode is also called a reference diede and is rmmainty 
有 全 Sircuits where constant voltase is required and current dexrnand is 
y laree- 

ji 


让 


Working - The junction of Zener diode is thin amnd so aa 
ronE electric field is Produced even when :4 iow reverse 了 
bias voltasge is applied. On increasing the temperature、the 辣 ， 
jjfierbidden cnerey 2ap reducecs and the Zener breakdewan now _ 
beains to occur at a low voltage. At the Zener volage、th 


resistance of diode abrupdy falls and. therefore. the revcrsc 
cuUrTcnL suddeniy increcaxcs、When he reverse voltaEgec is 

01withdrawn- Thbe junction of dieodc reEains back 1 oOriSinai 
StatcC- 


一 
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Q@.37. Expiainm te Zerzer actiorz or Zerzer cioce. ( 慌 .G. 已 届 ，June | 

Or | 

Explair te operatiom orZerzerciocte ia tpPe Jprrpard arad rerersedii 
CoOrLGILOPL. (CR.G. 已 愉 ，June 2 


47S. Refer the ans. of Q.36. 


Q@.38. 五 ow Zermer diode carz pe rsed or ICGYe S1zapizzS ? 


Anms. Zener diodes are also used to convert sine wave into 
wave for this. circuit is arranged as shown in the fg . 3.36. During 省 
well as neSsative half cycle、 when the voltage across the diodes is below Zo 
value they offer a_ high resistance Path and inPut voltage apPears 35T05 


almost sq 


output terminals. 


可 
得 Sine 
Wave 
A.C- tput 
input 2 


Fig. 3.3G 


@.39. Discrss the rse of Zerter diode .fpr zzeler PrortectiO7- 
tamcter 3a8 了 


3.37 can Proyi 


Neanm 
Squart 
Want 


ms。 Fis. 3.37 Shows how docs a Zener diode Protec 
damage-. Two Zener diodes connected ns shown in fig- 
Overload protection regardless of the applicd polarity- 
Meter ALeter 


Te Eee 


Fi 3.37 
人 OO Erpleaairr 1e Use Of eper cliocdle as Ga oage regrLcLO 六 
-7s、The circuil di mshown in the fg. 3.38 represents LUhe Use of Ze 
dieoxle as 3 voltage repulator 1et Currenl drawn from the sourcc he 1 The cur 
ihrouph Zener diode is lz and throush the 
loxsd is 1 


From Kirchhofrs Janws. 


1I=JZ+1 
20d VEYV= 下 
= 1 RL 
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i mcCe 
1 Case (iD) I 工 Supply Voltage V is Constant and the LoadG ee 
时 Varies - Since the Zener voltage Yo remains constant，therefore 
间 s 
iequation Yu=V--IR.5I=0. 
吕 But from equation I=Iz+I,5I=5Iz+5n 
5z+SL=0 or5z=-5T 


Thus keeping the supply Voltage constant if 1oad resistance is increased 


qu he Zener current Iz increases by the same amount as the load current 
AL decreases so that the total Surrent I remains constant. 
0 


24 Case (iD If the Loa 
ss Supply Voltage V Varies 
| herefore from equation 

| 


d Resistance 了 工 


了 Remains Constant and the 
一 Since the Zener 


Yoltage Vo remains constant， 


| ve =V 一 下 ,SSvV = R SI and from equation 
和 | 二 I_ KR。 SI 一 0- 
vt ence from equation I=Iz+I. SI- 5 
z+I.SI=- 5 
六 Thus keeping the load resistz 


there is an ed 


ual chanse i 
curent IlL re 


mains con 


W tpe egrivaIert circreit oF ciz idea7 
at are is uase (R.G. 已 K，Jrerze 2072) 
ans of'Q.36。 Q.38、Q.3o9 and Q_40. 
"Streetctiomz OrKirasg ywitjz tjze Pez of V-T cjzaracteristic 
ii Semazicortdrector cevice- (R.G. 已 Jaezze 2073) 
有 GaGon Qfimpurity atoms is increased greatlv in anormal 
Wmes or moere)、 its Sharacteristics are entirely chansed- 
pe of dioduc called zz2rmel ciioce.IU was invented in 
When ; ”erefore, it is alse refesrred to as 屯 saKi ciocde. _ 
atoms)， AR Soncentration is increased (CSsay about one Part in 10” 
1 the depletion 1ayer 
ns he ctiaree 
Speed of 1i charRe caurri 


reduces to abaut 10_nanemeter In 


SITS Wi Penmetratc throusti the 
heuan thev QQo net Pave 
the potential 


sutficicnt eneray to RN 

IConsequentl 和 Qus thish na tarae to overceme the TS 
Waitaeee ya larae 1orward SITrenUIS Scenerated、 SvYen if LUhe apPlic 机 
《 RS IsS mucm 1ess Wan 0.3 V. The Phenemenen of penetrating rhe < arge 

“ss SN Wrouan he Petenuiat barriers、 instead mr climbing wver it is 
Iknoewn 


， n 1 vi :Vices 
MaS Lacfirrg . on why hishly doped P-njunction 0 
i 昌 aernnaz 
are known as ne wodes. Cienerntlty、these diodes are made of aer 

(Ge) wr RAWwn-ase 


TEAISiS ne rr 


nde (CinANAS). ] 
The wo commonty used Symbolts = 一 全 一- 
”Ter aunnetwWiode ae shovwn in fx.3.39. 


7 s Tzzzzzzel PPDioctes 
The hamnwting mt tunnel diodecs requires FS 3 了 3.39 Symrpops Jor 


PT vv vv >”  - 呈 


Scanned with CamScanner 
147 


148 


143 Engineering Physics 


a grTeat care、because 
they arce low power 
devices and can be 
easily damaged by heat 
and static electricity. 


NeRative 
Resistance Region 


Peak 


? 上---------->> 全 ----------- 十 ------= 
ER 三 

The V-I charac- 三 有 Region in which 

teristics of a tunnel 三 二 工 上 -------- -十 ----- Tunneling Current 
辐 二 避 | 了 Flows 

diode is shown in fig. 三 三 
3.40. We see from the 三 一 
characteristic curve that 三 


Valley Point 
as the appPlied forward 
voliage is increased 
from zero、 the current 
Tises very Sharply. till 记 
aittains its maximum 
value known as _PeaK D 
crTenmr (7p) as shown is. 3 了 .30 TY-T Caracteristic or ca Trerzrzey Diocde 
by the point A. The corresPondings value of forward voltage is represented by 
Peak voltage (Yp). The typical value of this voltagec is 65 mV for gecrmanium 
and 160 mv for gallium arsenide tunnel diode. 


Forward Voltapge 一 一 
VF(tmV) 


Here. it is worthnoticed that if the forward voltage is further increased.、i.e.. 
beyond V. the current decrease、till it attains its minimum value known as 
raliey crerTemr (7 as denoted by the point B. If the voltage is further increased. 
the current riscs in a usual way as in a normal p-n junction diodc. IU hoas bcen 
noticed that the current again attains its Peak value (ji-e.. JIp) as denoted by the 
Point C. The corresponding value of the voltage is indicated by VF as depicted in 
figure. For larger values of voltages. the current increases beyond this values. 

Whenthe tunnel diode is reversed biased. it acts likc an excellecntconductor, 
ie.、the reverse current increases with thec incrcasc in reversec voltage. lt is 
represented by the curve OD in the fig. 3.40. 

@.33. Give Ine advarztasges or turz7zel ctioce- 

人 72S. The advantages of the tunnel diodes arce &iven bclow 一 

(i) Lis a special type of diode which can withstand very large 
temperature changSes- 

ii) It can be used very efficiently in microwave region. 

(iii) Its cost is lovw- 

(iv) Its size is small- 


(v) Tt requires low Power 
(vi) It has environmental immunity- | 
(vii) It has low noise and long life- 
(viii) lts speed is high- 
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C.44 Pilairz 1pe CPPplicatiormrs 0O1 trrzrzet ctiocde 
47118. Main apPlications of tunncl diodec are as follows 一 
(iD ， Asalogic memory storagc devicc. It is possibje due to the triple 
ialued of the curve for current betwecen Jp and TIv- 
(ii) In relaxation oscillator It is Possible due to ncgative rcsistance 
jf the device- 
| (iii) As an ultra high-specd switching device. It is possible due to 
he tunncling mecchanism、which occurs at the speed of light. The Switching 
ime is of the order of nano-scconds (10-2 sec). 
| (iv) As a microwave oscillator at frequencies in the order of 10 
5Hz. It is Possible duc to extremely low values of inductance and capacitancec 


NUNERICAUPROBIEMES 


Prop. 亏 Crrrerat IOoi7zS rz CPP-mzjzerzctior 1 0.2 LA4 at roorzz te11zPeretzire 
rPermr a LarSse pias PoptaSe 太 GPPLiedL Calcrelate e crrrerat zerz GDryardz 
jias or0.7 碌 CPPiied ( 民 .C. 忆 有 下，Dec. 2077) 


= 0.2 HA = 0.2 x 106 A,VF= 0.1 V.T=27*C (room 


if the dcvice. 


SoL_ Given, I。 
?mperature) = 300 开 . 
KT 
让 = 26 mV = 0.026 V 
We know that, from the diode equation the current flowinsg is given by 


= 0.2 x 10-6 (e0.10.026 _ 1 
9.16 x 10-6 = 9.2 DA Ans- 


Prop.S. 472 区 忆 Di corzstrzected rorrz CPP-Pz jzezzctiorz Dasecl o7z G Certairz 


PiCO1CILCLITZES 771C1eric1l WOSe erzeresy Sap is 19eVY 1atis te rarelerigstP 
六 zize ermzittect zig7zr ?> (R.G. 忆 KK，.rarz.UFep. 2008) 


SoOL Given. Energy gap 王 = 1.9 eV 


We know that 已 = 时 
hc 

HH 一 
cncec 入 下 


6.63x10-34 x3x108 


19x1L6x10-19 


= 6.54 x 10-7 m = 6540 人 Ans- 


-0 
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diode ifal 3010 玉 Ue comcemtrafiom of donor afomas 让 中 region 六 JP/ 


mi3 and Inhe comncentratiom of acceplor atomas im 记 region 这 1019 Per 虽 
te charge carrier comncenmtratiom im imatrinsic sizicom 必 1.5 x 17016 


150 Engineering Physics 


Prop.6.Cafculate 纺 e parrier Potertial in asSilicom Panaclioi 
pl 


Per 虽 
(log10 2.25 = 0.3522) | 


SOL Given, Nd = nn = 1021 per ma， Na = 


pp = 1019 per mani = 15) 
1016 per ma3. “ 


fnp is the minority electron density in pP region, then 


mxpp= 呈 
全 全 
ni (15x10!6)2 
By 一 -二 =225x1013 per m3 
pp 10 
Potential barrier， 
k 
ve = log- Dan 
已 np 
138x10-23 x300 21 | 
= 一 X23026logio| 一 了 
16x10 .225xi05 | 


= 10.456 volt Ans, 


Proj.7. Tjre reyerse saturated curremt af 27C im a BermIQNiOn Po 
Juncfion diode 六 10 4. Calcrulate he staric and dynamzic resistance 吕 
diode ii 人 atJorward pias voltage 0.2 ro 

5oL Tin Uhe forward bias, the current in diode is given as 

1= 1 (eeYAT - 1D = LesVAT 

Substituting the values， 


1 


1xe(LGx10- 19x027138x10-23x300) 


2.274 x 103 hA = 2.274 mA | 
Staltic Tesistance， | 


BA | 


).2 
十 ,=87.959 

1 2.274x10- 
and dynamic resistance、 | 
人 | 
AV KTAe 1.38x10 一 x300 | 
训 二， 二 人 闻 坪 二 = 1.38Q Am 

2 1 LOx10 “xx2.274x10 一 


Bropb.8 45a teniperature co 290 大, a certainz P-1aJaenction dliode hard 
YONGEiOWE CUITETN 三 入 SN) 2 Ed me crrTreratasad resisterice chisiemiperal 
fre wen 页 e yolage 本 70O0 mV and 一 700 mm 磋 (R.G. 己 YY，JarFeb 2003| 

SoL IT Given. T=290 民 

Saturatioft current，1 = 0.500 mA = 0.5 x 10 一 A 
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Applied voltagec， Vp = 100 mv = 100 x 10-3 V 


io 
per yp 
mi But 1 5[ vr _ 
人 
-下 290 
习 三 一 一 一 一 253 mV 
Yr= 11560011600 一 和气 吴 
] 100x10- 
Thercfore， Ip= 05x10- :人 (。 25x10-3 _ = 26.8 mA Ans- 
| The static resistance ruc is given by 一 
Vvp ”100 mv 
| ri = 一 一 = 一 一 一 一 = 3. Ans-. 
| 4 TD 一 268mA = 一 373 纪 
The dynamic rcsistance ruc is givecn by 一 
25 mV 
rac 一 人 Ans- 
人 26.8 mA 2 总 
| (GD When， vp = -100 mv 
| 一 100x10-3 
ns IDp = 0.5 x los(e 2 1 = 一 0.49 mA Ans-. 
7 才 an ， 
川 “The static resistancec ruc is given by 
rs 这 9 5 而 Ans 
de” IDp 二 049mA 一 外 
The dynamic resistance rue is given by 
3 Sns 
ac 一 049mA 一 ”> Re 


Prop.9. JW11et 怀 P-LCIEDT cdioce ?2 FEPUcirz Pae c1jrcreacterisfics orP-7 
WiCUEON Ler FrePerse CC _JDPACOTLL Pies- 

811 0 PP-ME_JUTICIEOD SEC7ITHCIEELOE MioOcle te reperye SELECTIEODIE CHFTEHL 这 
[Or5 ap cl 27C We oo pe ce Jprrenrect ctrrerat ina tis ciode Dr yoULage 


2 polls ccross 忆 了 
fGivem - 避 = 了 6 x 了 0-19 cortionmrzps ca 大 = 1.3 :70-23) 


(EC. 忆 只 ，PDec. 207110) 


So0L p-n Junction Diode -- Refer the ans. of 〇 .27. 
1 Characteristics of p-n Junction Diode 一 Refer thc ans. of 〇 .31. 


ms 


rm The forward current obtained as 
0 引 Te -CVAKT 


= 10-5( cL6z10-29x02114x10-22x300) 
一 0 x 10-3 A = 20.37 mA Ans。 
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SOLAR CELL HALL EFFECT 


@.45. Exrplain comstrauctioraal HOTKIIS itpe jemp or7-Vchnaracleriyli 

Jor the photodiode semzicoradiructor device. LR.G.PY，Jrurne 2008 (N) 2013 
Or 

Write sport mote or pjoto diode. (RR.G. 忆 TY，June 200 


4nms. Photodiode is a two terminal semiconductor p-njunction device an 
is designed to operate with reverse bias. The basic biasing arrangemen 
construction and symbols for the device are given in fig. 3.41. 


二 二 + + 


R 
十 
扩 闪 外 
V 一 
二 EU 
(@J Basic Biasing 4rramgemzert arcd Corstrrctiom (四 Symrbof 
Fi8. 3.47 


The output voltage is taken from across a series connected ]oad resist 
R.This resistance may be connecled between the diode and ground or betwek 
the diode and the positive terminal of the supply, as illustrated in Tig. 3.41. 

When the p-n junction is reverse-biased, a reverse saturation curent fo 
due to thernmally generated holes and electrons being swept across the junction ， 
the minority carriers.With the increase in temperature of the junction more am 
Imore hole-electron pairs are crcated and so the reverse Saturation current 
increases. The same effect can bc had by 加 uminating the junction。 When li 
enerRy bombards 3 p-n junction, il dislodges valence electrons. The more le 
striking thejunction the Jarger the revyerse current in a diode. Itis due to generatit 
of more and more charge 


Forward 
caTierS with 由 he increase 一 一 Reverse Bias in Volts Bias in Volt 一 ~ 
in level of iliumination。_vV -| < -1 0.5 1.0 


This is clesurly shown in Dark Curren 
fig. 3.42 for differenl 
intensity levels. The dark 15.000 上 UMENS/m2 
curment is the cument thal 
exXists when no light is 
incident，the currenl 25.000 LUMENS/mz 
heecomes zero only with 30.000 LUM ENS/mz2 
3 DONiive applied bias 
eduals to Vw， 


1 
10.000 LUMENS/m2 


20.000 LUMENS/m 2 


一 一 Reverse Current in HA 


1 
之 
三 
三 
> 


ipg. 3 了 342 Photodiode Cjauracteriystics 
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m Incrcasc in revcrsc voltagc does not increasc thec reverse current 
nificantly because all available charge carriers are already being Sweptacross 
sic junction- For reducing the reverse saturation current Io to Zero, it is nececssary 
Wi forward bias thec junction by an amount cqual to barrier potcential. Thus the 
Ji3hotodiodec can be used as a photoconductivec device-. 
On removal of reverse bias applied across thc photodiodc, minority charge 
Jgirriers continue to be SWept across thc junction while thc diodec is illuminated. 
anthis has the effect of increasing thc concentration of holcs in the Pp-side and 
cntat of clectrons 1n the n-side. But the buarrier potentjal is neSative on the P-side 
nd positive on the n-sidec， and Was Created by holecs nowing from p Lo n-side 
nd electrons from n to P-sidc during fabrication of junction. Thus the flow of 
linority carricrs tcnds to reduce the barrier Potential. 

When an cxtcernal circuit is connected across the diode terminals、the 
linority carricrs return to the original side via thc external circuit. The electrons 

Dihich crosscd thc junction from P to n-sidec now fiow out throusgh the n- 
rrminal and into the P-terminal- This means that the device is behaving as a 
nltage cell with thec n-sidc being the ncegative tcrminal and the p-sidc the 
ositive terminal. When the device is operated with a reverse bias, it operates 
ja photoconductivc dcvice and whbhen operated without the reverse bias， it 
perates as a Photovoltaic device- 

Sol CA46. Give HOTIE CQ Zerzercdiocde aracdpjzoto ciocde、(R.G.PUY, Dec. 20710) 


ee Ms Refer the ans. of Q.36 and Q.45. 

CQ.47. Traile corrz tjze cpPpiicariors or p1zotodiocte. 

0 41s. The p-n photodiode and its improved n-p-n version arc widely uscd 

LE light deteclion systecms, high spced reading of computer punched cards and 

ssS，、1iht operauted Switches，reading of film sound track， production linc 

ipunting of objccts etc- 

il 0.345. Descripe mi cliagrarzaz tjze Pasic opereatiorz ctrzcl caracterisric or a 

lioglar ce icleecdirrg te saort circuilcrerreratectracl operz circrit votere. PDeripve 
je expressiom Jor re 11TCEE1121L12 PPOMEr cieliyerecl Lo Loac EU Jarctor crzdt 


” Wriciemrcy or one solcr ceLL LRCGC- 己 Y，H1arcHApril 20707 
-村 人 

rpleira CO7SUFUCLEOCGL OFKETEB，E ae jep or 1-Y caracteristic Jpr 

je solaur cell sermzicorzcttector ctervice- LRCG. 忆 Warerze 2008 (7V)， 20731 
Or 

Write smrort riofe O7 SOUar cells- (ER-C. 严 只 ，.Jrerze 2009，2070) 
Or 

Diycuss Une pasic Operatlio1z ct1zcl cceracterisiics or aa solar ce im 

?cesSsCIy cficr7C172。 (CC. 严 W，PDec. 20713) 


41ak. Solar cell is a decvicc which is usced for convcrting radiation cncergy 
lo electrical cncrgy. These cclls gcncratc 3a volltagc proporlional to 
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154 ”Engineering Physics 
electromagnetic radiation intensity and are called the photovoltaic cells becaust 
of heir voltage generating capability. 

Selenium and silicon are the most widely used materinals for solar cellg 
though &allium arsenide.indium arsenide and cadmium sulphidec are also used 


The construction and cross-section of a typical power solar ccll for us 
as an energy converter are given in fig. 3.43. 


fa) Comstrrucrfiom 
Light Energy 


HHN 


Soider (Positive Conltacl) 
Nickel Plating 


pitype silicon 
pn janctios 


Riype Silicen 
NAel Plating 
1 

Solder iNrgatiye Coststt 


ce Directien ef Hole Flevw 
fe Directies wf Eiectron Flevw 


fb) Cross-sectiom 
Fi8. 3.43 Solar Ce 

The surface laycr of p-type material is extremecly 由 in so ha hght 局 
Penectmate to he junction. The nickel-plated ring around the pP-type mntenal 
the poxituve output terminal and the Plating al the hottorm of the n-type matcn 
is the neRative OutPut ienminal. Power solsag cells are dso available in Ti wmn 
fenrm for efTicient coverage of available surface areas. The circuit symby 
often used for na photovoltic cell is given in fig 3.44 (a). 

The open-cirecuit output voltage characteristic of a typical photovola 
Se SS Siven in fg 3..44 (bi the graph is logarithrnic on light intensity sxi 
TPIS Sbaumeteristic shows that the cell is more sensitive for low light level 
because a smali change in light intenstty (Sav from 10 to 100 lux) can produ 
the sanme Increase In OutPut voltuage as a large change in light intensity ( 
from 100 to 1000 jux) at a hisher light intensity level. 
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{ 160 
二 140 
三 120 
三 10n 
了 
己 80 
三 60 
三 
避 40 
20 
100 ”1.000 10.000 20 400 600 800 
Ligbhl intiensity in Lobx 一 一 Light Intenxilty in Lux 一 一 
8 Circuair (5) Outpul Yoliage fc) OuripurCurrent 
SYymDol CHharacterisiics Characterisfics 


Frig. 了 AU Photorottaic Ce11 

The outpult currecnl characteristics of a typPical photovoltaic cell for various 

Mad resistances arc Riven in 人 2. 3.44 (c). Thesec characteristics show (that the 
htputecurrent of ua photovoltnic cell increascs with the increansc in liaht intensity. 
he outpul current of such na cell is very low and is measured in micro- 
mpercs. Thbec iable Output current depends upon the liaht intensity、cell 

ciency (UVPically only 2 few percent.、 and on the size of the acltive area of 

We cejll face .The conversion cffictency depends upon the spectral content 
Js can be stacked in Parallel. however in order 


gl the ;umination. Photo < 
inceresse rtheir outPput current capabilitv. 

The nhotovoltic cell can be operated satisfactoriivy over na wide rangpe of 
nperiture (100 to 12SC The temperature variations have liule effeect on 
ort circuit current batl :eclt the open-circuil output voltape considerablv. 
ons Da he of the orderofatfew mV perC in output voltape. An 

dividual volar cell generates am open-circuit voltaagec of aboult 5S00 mV when 
"ive However photocells can be connectcd in series to increasc the available 


4 trminal voltuage. 
1 The circuit model of 3 solar cell is shown in fg. 3.45. The model bas a 


nkrrent source 1 wbich is the minority carricr 


ibhoirrent caused by the incident sunlight 
nsoluation) The nornmtd diode currentofr he solar V 
iis represented by 有. which is composed of l (4 ) W RL 
, 虽 jorilty caurrier current and reverse saturation | 


.Ianorilty carricr current (LUhermally gencratcd in 
joscncc of sunjight). Thus TB. 了 45 
了 = ECev -1D :和 =e/kT 


(和 
here，1. = Reverse saturation Current of the junction. V = Cell voltage 
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The load current 
IlL=IG-0=IG-Iexv-1 
The open circuit voltage is obtuined when IL = 0 


Na 三 of 


The short circuit current is obtained when V = 0 

l。= 1G 

NMaximum Power Delivered 
to Load - The typicnl LI-V charnc- 
teristic of na solar cell is shown in 
fig. 3.46. 

The output power of solar cell 
varies with operating point and has 
nmaximum value corresponding to 
that Q:， the _ maximum power 


Maximum ove 
Rectangle 


delivered to lond being given by the -40 
area of the shaded rectangle i.e. 
Panax= Vmax.ILmax Fig. 3.46 


where Vmax and ILmax are the solar cell voltage and output current respectivell 
corresponding to_ maximum power. 
Efficiency -The efficiency of opemation of na solar cell is determined by 由 
electricnl power output divided by the power provided by the light source.Thatit 
Pu(electrical) S 
Pi(sunlight) 
疡 


二 - 本 TIX xx1009% | 
(area in cm-) (100 mWycm~) | 


10095 


Q@349. What is the difjference petween asoiar cell and a phoro-diode. 
(R.G.PVY，Jnune 2015 
4nS. Refer the ans. of Q.45 and Q.48. 
@.50. Exrpiainr V-T characteristics or a pjotoyoliaic ce 信 
(R.G.PVY,，June 2016 
4ns, Refer the ans. of Q.48. 
@.51. What is meant py ilJactor or asoiar cell and mhiat isil 
Sigriificance ? (R.G.PY，Dec. 201 
4nS、Fill factor can be expressed as the ratio of the maximum powt 
output of a solar cell to the product of is open-circuit voltage and shor 
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circuit current. The fi factor (FF) is written as 一 

FF = [LOnkT/q) /n(I、+ TI/IJIMVR 可 
where lw denotes the maximum output current_m denotes aconStDE Wit 
typical value of unity、k rcpresents the Boltznann's constant Tis the 
temperature in kelvin、q represents the unit charge、1. is the Short-circuit 
current. I、represents the saturnation current. and Vis the open-circuit voltngec. 
The maximunm current is obtaincd as 一 

Timax/lmax + le] = LAnGOVIonax + 1 

Two factors that affectthe fill factorof a solarcecll are the emitercefficicncy 
decgrnadation and the series resistance. Atthe maximum povwer point. the cxccess 
carricr concentralion in the bulk re&gion of the VGMJ cell is Significantly 
decreased from its valuc under the open-circuit voltage condition. The fi 

we factor will be strictUy decpendent on the bulk carrier lifetimes and sunlight 
concentration factor ranging from 1 to 1000 suns. 

Two componcents of the series resistance、namecely、the internal resistance 
of the individual elements and the externanl recsistance becausc of cell 
metallization zand the interconnect conductors. affect the open-circuit voltagec. 

@C.52. ErPplairz Treat cto Or raderstaracl DY al efjecr im cieraiz cardl 


要 


Jal ieaz1l coezcierzt (R.G. 己 YK，Jrrze 2009) 
Or 

本 Descripe Fall efject arzd al coe1jicierat inra ceraiL (R.G. 己 Y, Jrerre 2070) 
Or 

h Tart zs 再 all efject 2 Sjron tat all coefjicierzt 太 inzcdtemertderzl or xie 

tis apPliecl miagBrzetic Jielcl crzcdl i8 persely ProPortiorzal to crerrerat cferzsity cract 

electroriic c1rarge- (R.G. 忆 人，.Jrerze 2072) 
Or 

W7ite s1rort mzote orz 五 alg efjecr (R.G. 忆 TY，、PDec. 2075，2076) 
Or 


xplairz al1l eecr OpBtairz tjze exrpressiorz or al coe1icierL 
而 (R.G. 严 焙 ，Jrerze 2077) 
届 


f Explairz al1l erecr (R.G.PY，PDec. 2077) 


1 。 和 
| Ars. 万 a11 已 1fect 一 When a current carrying metallic wire is placed in an 


external masgnetic field in direction perpendicular to the direction of fow of 
current, an electric field is produced in the wire in direction perpendicular to 
J6both the direction of current and 
direction of magnetic field. This effect _ 
iis called the Hall effect- 
厅 The eleectric ficld in the wire is 
wecalled Hall field and thc potential 
differencc developed ntthe ends of wire 
Vis called the Hall voltage. 
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Consider a wire is placed. In which electric field along the X andZ 
directions sare Ex 


and E， respectively and electrons move along X-direction 

then Lorenlz force along Y-direction is given by 
Fy = (ec) (一 vx) (Hz) = evxH， 动 (从 
acting along Y-direction and the direction is 8&iven 
According to which electron displaced in Y-direction。 
accumulated on the upper surface and positive charges 
Surface. Therefore a_ electric field is produced along 
-direction.This electric fieldis called Hall electric field.Itis represented by El， 

Now Lorentz force evx Hz and force due to Hall effect is 8&iven by 


Hence Lorentz force is 
by Fleming'sleft hand rulec. 


Now theelectrons are 


accumulate on the lower 
等 


Eu = vx H。， .…( 订 
In steady state 
Force due to electric field = Lorentz force 
eEH = evxH， 
Or Eu = WwWH。 .ii 
We know that current density in X-direction 
Jx = 一 nevx (iv) 


Putting the value of vx in equation (iii) 


间 册 1 】 
三 一 | -一 三 一 了 末 。 
和 加 必 本 
EH = RHJ、H, (along Y-axis) 
where, Ra = Hall coefficient= 一 ” the unitis volt X metre3/ampere x weber 
ne 
Now he potential at the ends of -he wire along Y-direction . 
va=E，=RuloH:.d (V) 
下 (viD) 
是 xf Area of cross-section ”bd 芭 
Then from equations (v) and (vi) 
:本 RHH;I 
VH = ad dH，;= 所 
1 了 工 
But RH = En Jx = 上 
和 了 FEHwx 
证 ne 区 neb 


We can find the value of VH, on putting the value of I. H, ne and b. 


@.53. Sjow that all coefjicient 太 ideperzdenmt or applied magnelic 
Jieldand is inyersety proportiormalio 切 e currertdermsib' arad electro1l cjarge 


R.G.PV， June 201) 
Ans. Refer the ans. of Q.52. ( 
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C.54. Prxpleairz all e1jecr arzd cerive expPressiorz Jpr ez11 六 


Arms Hall 玖 ffect -- Recfer the ans. of Q.52. ( 民 -G 忆 Iaatzec 2070) 


Hall Mopility 一 The net electric ficld E in the scmiconductor js a vector sum 
of Ex and EH- IL acts al an angle 6 to the x-axjs. er is called the Pa77 CT1BLe. 


tan 6H = 巨 H 。 
Ex sse 不 
We know that 性 Via 坦克 
HH pe .--(ii) 
Also Ex = P J .( 计 过 
From equations (ii) and (iii) 
EH _ B 
Ex ”ppe 0 
For n-type semiconductor 
EH _ _ B 
Ex pne 5 
From equations (i) and (iv)、ve get 
tan 6H 二 一 R 
H pep = SRnB 和 | 
The product GRH is designated as the mobility of holes 
tan 9H = HnB --(vii) 
9h = tan-1I(hhB) (viii) 
where hn 三 SRH 人 


By determining the conductivity of the crystal throush a separate exPeriment 
and determining the value of RB from Hall effect measurement、the carrier 
mobility Cell zzODiD) can be calculated using the relation (ix) 

Itis assumed that all carriers travel with a mean speed vd- However this does 
not happen. As a result the value of RH gets modified. The appropriate value is 


3 1 
R， 三 
H 8 pe 
Accordingly, g 
hnCHall mobility) 三 ( jsRn na 
区 


QC.55. Hat 好 all efject ?2 Dectrece arz expressiorz for 3all coe1jicierzt ore 
SOLid arac ctescrzpe mzetpocd prirs deterzrzirzatiorz exzDerzzzerzta11y、WTzat DryzPortarzr 
za1Drmrzatiorzs cre Optairzed Foryz is mzeasrrerTzerazts ? (R.G. 已 K，PDec. 2072) 

4rzs。、Hall ffect 一 Refer the ans. of Q.52. 

了 xperimental Determination of Hall Coefficient -- A thin metallic strip 
of several mm wide and several cm long in the x-direction is Placed in a 
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magnetic field H in the z-direction for the experimental dctermination of Hall 
coefficient_ as shown in fis. 3.48. 


ee Tie AIooe > 
NSS S-pole 下 
1 AN 


To Calib rated 
Potentiom eter 


Fig. 3 了 .48 天 xperirrzerztcl Teasrererzerzt or 本 al TD1iasge 


Suitable current is Permitted to 人 low in the spPecimen along the x- 
direction that can be subjected by variable rheostat- Betvween the points A 
and B、trvwo potential lead are Placed which are connected to a sensitive 
calibrated potentiometer. Hence. the Hall voltage is calculated with the help 
of calibrated potentiometcr Determining the Hall voltage.、 Hall coefficient 
may be calculated as 


下 江 。 
人 | 
c Ne O 〇 
The value of I、can be expressed in terms of the currcnt i，i.c.， 
i ev 
TI: 三 区 有 .-.(ii) 


where, b = Breadth of the spPecimen 
d = Thickness-. 
Substituting I、in equation (i). we Set 


2 
7 cc Nebd 

1 Hi i HH bVHall 

Van = syvd = 人 三 民 Hall- 下 or Rhan 二 iD 


The Hall effect gives thc informations of the sign of charge carrier. 


CQ.56. Ha is 瑟 alf efjfect ? Dedrce exrpressiom Jpr Dall coe1Ficierzt and 
al roltasge orasofid zat impzportarzt ifDrzyzatiorzs Cre OPDtaizzecd ro77l i5 
1TZECGSLrE1T1C1I8 了 (RR.G. 严 中 ，Dec- 207 韦 


4ms- Refer the ans. of Q.52 and Q.55. 
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| CQ.57. 1at are Poterzticl apPzicariorzs Cr Eu eyecrs > sa ie 
号 N 
4nas. Applications of Hall effect are given below (RG.PW Jaune aom， 
(i)， Measuring the Hall voltage in a 一 
find the sign of charge carries in it 
(ii) By measuring this，we can find the 
Per unit-volume in it 
(iii) It can be found that the given s 
conductor or insulator. 
(iv) Can find the mobility of charge carrier 
(Cv) Hall cocfficient is not negative for 
have the positive Hall coefficient also. 
(vi) IL can be used to measure ma 
(vii) It can be used to measure Tenregsrree 
If there are both holes and electrons as ER wave. 
coefficient can be either Positive or negative End en 全 Hall 
concentration and mobility-. Sg on their relative 
CC.58. 1at 1 瑟 al1-efjfect 2 OpBtairz arz er 
Varrze tiPe appiicartioms ar Fall efjfecr (ER. GPRT CD 局 0 0 
4rzs. Refer the ans. of Q.52 and Q.57. ，.7rz7ze ) 


NUNERICAUPKRODTIEAE 


ProB.70. AP electric .Field of 200 Vzrz is appzied rio ac 
SCIT7ZPDL -ny 
) semzicoactatctor jzose 百 a1l coejjyiciernt is 一 0.0750 mr37C， 六 鼎 APe 
(z) C7jzarsge corzce1ztratiozz 
(iD) Currerat derasiby im Sa111PIe assre7yzi7zg 


人 几 = 0.36 1122 TY 1 sec-L 
LRCG. 忆 YY, .Jremre 2008 (IV)7 


metal or semiconductor we can 
number of charge carrier 


ubstance is a metal，semi- 


all the metals but some metals 


L- 尖 全 


SolL (i) Charge concentration 
] 1 
RHe (一 00150)xL6x10719 
(ii) Current density 
J= GE = nehcE 
= (4.17 x 1020) x (1.6 x 10-19) x (0.36) x 200 
24 x 02 x 200 = 4804 amp/mz Ans。 
Prop.77. 47 712-1yPe Ge sanmzple jzas a ctorzor density or 70211zz3 有 认 
C1Ta12Secl zz 再 al1l efjfect experirmyzerzl 严 CVIS IaGSB1zetic ield or 0.5 Tesia arzcd 
CrTre1at cterasity 500 4]11z2. Firad tpe Fall voltasge 太 ije sarmzple 凡 了 mamz Wicte- 
) (R.G. 严 K，4Ppril 2009) 
SoL Given that， Np = 102lm3, B = 0.5 工 
= 500 Amm2, d = 3 mm = 3 x 10-3 m- 


n 二 =4.17 x 1020 /m3 Ans- 
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机 
光 


_ BI_ Bla Byde Bic 
ES pet pet fei NS 
05x3500x3710-: 


-1 


TD21x16x310 


SoL Given tha:. AAA 
Ri = 0.55 x 1010 (Volt-otmyjampere weber) 
b= 0.0s mm 
RH, = 3 x 10 司 webherrm: 
We Know thz 
RHIH。 055xi00 xixi0x3x104 


Ya h 00s 


mm Caletiate Ihe cjnarge carrier demsigy m and ciecrrpr mpopility af roommy 

AUPerazatre- ( 展 .G. 只 1、Dec. 2008、 2013) 
So 人 Given. Ri = 3.66 xi0 一 mk.G= 1i2 ohm-m 

1 


i 
Ra = of 呈 = 


ne Ribe ”366xi0 xiL6xi0- 二 
G = heche 
Mebilxty of cleetron- 
G tt 
有 ,= = 。 = 10.041 和 ms- 
只 lz7ltxi0 一 xiexio 


ob Tar 5 Da epeerr ”Derse cs Prmade or demsim or cjarge 
CriTY 轨 0 Fe veneiropdiascror Ne Fermal jcyey _JDr polaxriitnt 工人 ec 
Cejcaiale me yelify of mc siecrrpnes 民国 e Fermai icel (GPL Dec 2011) 

So Hali ETTeet - Retcr the ans_ of Q.S2 

Here given. the tevet for Potassium ls 2.1 eV 

The Fenn kevelis given by 


了 
Er = -mn 
RE 


23 
Putring the values of Er and mwe Set 


YF 己 
12x24xt6xi0rt9 CV 


笠 二 三 日 
1 o4xtorstks S.6 x 10” mA 用 RS 


命令 
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= (= ND) 


= 47x1i03V=47mV Ans. 


Prop.12. 4 crrrenr or ! 24 Jpws 当 acopPper sip 0 jengI 10 cm and 
Wi 了 cm Cipmg 让 [engt 记 Tie 5 placed 汉 G TIGS1IETiC Fieid of streng 纪 
了 > 10 weberyrr Perpenidicular ID is ienig 坝 . 厅 Ri = 055 x 1010 vpi-meay 
GPUICTE wepber 1ind iphe 有 all ropase dereipped 下 性 (RR.G.P，Dec. 2012) 


=033V Ans. 


Prop.13. 4 mrDPe Sernicondactor SPpecinten jias 有 al coe1jicieny Riy = 
了 66 x 10 mr Te comdizctiriy or specimem Joand ro je 112 of- 


= 1.71 x 1022jnmn3 Ans。 


EINSTEIN'“S THEORY OF MATTER RADIATION INTERACTION 
AND 二 BCOEFFICIENTS; AMPLIFICATION 
OF LIGHT BY POPULATION INVERSIORN 


CT War a aser ?2 Cire is MPes- 
4ms. The wordLASER is the shorn form of lisht ampliffcation by stimulated 
emission of radiation. Laseris that device in which an intense. monochromatic-. 
coherent and uni-directional lisht beam is obtained. It was discovered in 1950. 
by Topwmes and SPaziow- 
Thus. a jaxer produces a lisht beam in which all the waves are of same 
frequency AH waves ae in same phase and all waves trmvel in a definite direction- 
Lasers are Ser >v divided into four !yPes 一 
(Solid rate lasers Un) Gas laxers iii) Liquid dye iasers 


tv) Selid state diode jasers (semi-conductor iasers). 


C.2. pw aoes Laser spiadiper 太 omaz orcirrary maomocPromaatic SOFrece 了 
Or 
HRar are IPe diperenees perweermz I4S 瑟 Rarzd ordlirzary Figjnr ? 


ms- Lascr light is different from the ordinary light source in foilowing 
Way - 
(iD Laser beam produces coherent light ie-. in same phase and of 
sanme frequency while ordinary light source such as incandescent lamps Source 
produces incoherent light. 
(全 ) Laserbeam is higshly monochromaric while ordinary light sources 
spPreatd over 4 waveleTgth range 100 A to 1000 入 . 
Liii) Lasxer heam is extremely intense while the intensity of ordinary 


lisht sources decreanses rapnidly with distance- 
(ivV) Laser beam docs not diverge while ordinary light sources are 
hishly divergentL that is the light travels long distances with spreading- 
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Q@C.3. Dirererafiate pefweerl Sporttarzeors ITC SIir77zILLCLecy Cr725SSiO77- 
(R.G. 严 只 ，.rrerze 2009，Pec. 2072) 


47ms- Spontaneous Emission 一 An atom has the discretc encrgy States. 
The lowest eneray state of thec atom is callecd the ground ener&gy Statc. The 
atoms of each substance are generally in the ground encrgsy statce. YYhen cxtcmal 
enersy is impartecd to the substance、its atoms absorb the cncergy and pass to 
higher eneray states i.e.. the atoms gelt excitcd (fig. 4.1). An atom recmains in 
the excited state only for a period of 10-8 s. and then it again Passcs back to its 
&round state. YVhen there is a transition of atom from the cxcitcd state to the 


&round state、 the difference in Excited 

energy Corresponding to these Energy 

states is emitted in form of a 汪 全 四 _ 

photon (fig. 4.2). If the energy 5 xn hv 

difference in these states is AE， 这 

0 ED (a) 4pDsorpfio 本 (站 ) 玖 mmissiom 
AE = hv FiS- 忒 7 


where h is Planck'"s constant- This_ emission of Photon is called the sey or 
SpOriarzeors emzissior This emission is irregular and is at different instants 
from different atoms、hence the 1light obtained from different atoms in self- 
emission is not coherent in phase and direction. 

The number of spontaneous transitions Nsp taking Placec in 由 he material during 
thetimeAtis independent of the Photons Present in the incident radiaton and depends 
only on the number density of atoms ND lying in the excited statc E2. IL is given by 

Nsp = AzlNz2AI 
where Na is the number density of atoms in the state E> and A2>zl repPresents a 
constant of proportionality. The number of atoms making transitions Per second 
divided by the number of atoms is the Probability of a transition Ooccurring Per 
second. Thus the probability for a _ spontaneous transition is 


1 (f IN: 
P:, = ( 池 ]=Aa 


有 N2N\ AI 

The process of spontaneous emission is cssentially Probabilistic、i.e.. the 
atom has some probability for making the transition.、 and it is not amecenable for 
control from outside. 

Stimulated Emission -- If in the excired state of the atom、a Photon of 
frequency same as the frequency of photon which the atom is passing from 
the excited state to the ground state will emit. strikes the atona, then that atom 
comes to the ground state very soon and stimulates the lisht incident on it.by 
ennitting the photon of exactlv the same frequency. This is called the srzzzzeelauted 
emiissiorz。、Thus for LIhe stinaulated emission、 lisht is made incident on the 


二 有 
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ee mm 

Eeesers 7T65 
-oms, of fredquency which the atoms emit by the self-ecmission- By doing'sop 
the number of photons corrcsponding to that energy increases in the enyjronment 
of atoms. In the stimulatcd cmission、thc light cmitted from each atom ii 


coherent in dircction、Polarization and Phasc with the incident Jight As the 
incident light rcaches the subsequent cxcited atoms, the stimujlated emission 


becomes stronger and stronger. 
hv vimvmer 和 


E mv h aa 
Re vv 一 


下 
~ hbv 有 ws SEASER 
hv __ ~ 和 v 


品 Eo hv~ 一 一 一 hv Ac 


E0 
oem hv 


(aq) 15) 
FiBg. 也 2 Siiryzrlatecl 五 mrzissiozz 


Let the cnergy of ground state of atom of a substance be En and rhe 
energy of the excited state be E. Let an atom absorbs the external energy and 
reaches to the excited energy state. After 10-8 swhen the atom returns back 
to its ground statec (self-emission)、it emits a photon of frequency Y 
correspondinsg to the energy AE = 巨 一 Eo. where AE = hv. Hence. the stimulated 
emission will be possible only if some Photons of frequency v or energy E 一 
Eu are made incident by making the external lisht incident on it so that the 
number of photons corresPonding to the energy E increases. Asa consequence， 
more and more Photons are emitted due to the stimulated emission. Thus，a 
chain Process starts and almost all the atoms emit photon (or light) by the 
stimulated cmission. This Process is called the Laser actiorz，because in this 
Process an intense light beam is obtained by ampPlifying the light by the 
SLir7zrtleztect e71zissiorz of radiation. 

The number of stimulated transition Nsv occuring in the material during 


the time At may be written as 
Nxse = BzIN2 Q Ai 
where Bi is a constant of proportionality- 


CC.U PPpicrirz 1zom Siir7zrtlaztecl er7zissiorz is esserzfiar or Lezsirzg cctiiort 
(R.G. 严 咪 rerze 207-3) 


4rs。Refer the ans. of Q.3. 
.5. Optazrz tize releutiorz Petmnpeerz tipze trarzsitiorz Propapitities or imsteirz 和 
一 mctrnet 已 coe1jricierzts. 而 (RR.G. 严 只 ，PDec- 2073 了 3) 
承 


尼 staPLis1z 1Pe relariorzsHziP Detmpeerz 开 irzsteimsy coe1jicierzts 4 crzcl 吾 . 
(R.G. 已 内 ，.1rezre 2070) 


7zs. JIf Nis the number of atoms Present in the &round cnergy statc, ND is 
the number of atoms Present in the excited energy state zamd ula is the radiation 


四 
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Log coreyponding to ihe frequcncy via in the sorroundings, then。 
The ratc of se 扩 -emission r。 = AlalN> 
了 he rate of simulatecd cmjssion rb = Bi2Naui2 

29d 1he ratc of absorptjon Fr 三 曙 ;2Niul2 


The iotajl rate of change in nurber of atoms in the cxcitcd CTCTZYY 从 22 站 
站 = +rb 二 Fr 
= 一 Ai2Na 一 BIN2uiz + 允 I2Nuiz 
日 加 ;2'\2 124342U12 上 小 展 
ec the negative sijgn reprcscnts the decrease in number of atornsji 


excited cnergy Statc and ihe positive 5jign represents the incrcasc jin Durnber 坟 
型 oms in the <xcited ener 


Bot in eduilibriurn the rate of change in the numberof atoms in thc cxCied 
CRCTEY Se ImUSL be zero jc.r=0 
OF -AiaNa - BizNzulz + Bi2Niulz = 0 


- BizNiula = (Bizulz + Alz)Nz2- 
Bat according to the Boltzmann's statjistical jaw, at an absolute tecmperatureT 
Na = Nic-hywiz/KT 


Bi2Niulz = (Bi2ulz + Ali2) Niec-hyi24KT 


BlaulazehyizMKT = Bizulaz + Alz 


Biazuizfeoi2T -D = Aiz 
一 一 上 二 ui2fc 全 一 JJ) .fj) 


Bu: according io the Planck's quantum theory，the encrgy density 
corresponding !o the fredquency via js given as 


2 ca LenvzT_1 
From equation (1 we gecit 
Aiz ”grhv3 


8rhvif 1 】 
入 到 


Bl 名 2 
This expression relates the Einstein's coefficients A and B. 
双 6. Siale Ihe nnecessamy coradilionz Dr Stipaultlecl emaissio7ma ead exrplain 
iasteint 生 辣 anad 已 coe1jicients。 LRCG.PUV Jane 2008 (VJ1 
全 FS5、Fig. 4.3 (a) shows the two energy states 1 and 2 of an atomic 
cm In the diagram dots represent the atoms in each state。 Fige. 3.3.12) 
“ie self-emission in which when an atom undergocs-scTf-transition 


he energy state 2 to the energy state 1. a photon of energy hvia is 
mitted，Fig. 4.3 (hb) shows the stimulated emission in which na photon of 
equency Vi2 (or enersy hvi2z) from the surrounding environment stimulates 
2 atom for the transition from thbe energy statc 2 to the encrgy statc 1. AS a 
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-- 一 一 一 “12 
一 11 


| 委 人 人 人 全 入 从 


8 全 名 六 1 
记 O 时 和 jos Je 1bhe [5 SU EGG82E 无 本 2 下 
17210511077 1 bc mer 1 9 2 一 和 一 二 
thbc cncrgy statc 2 by 2pbsyorpticg - 一 : 


入 CCOTdInE 10 the 请 jn 
thrcc phe 
DaLUTC 2nd Upec reljavc PT0 
:hecsec phcnorncnon depends on rthe 天 -也 了 
foljowin2 Laree fxctors 一 
f) The nurnbecr of 
0 TDc nurnb 
(二 ) Thec radiastion density ua COrrcsp> 
thbec surrouncdjin2s-. 
Accordin2 to 王 insic 
The ratc Of sclf-crnission rr。 一 Na or 
Jphe ratlc of stirnulatcd cmission rp 一 】 


iDCII ME 


107ns5 XpPrc 


Of 2407np5S 人 2 Prc' 


OF 
The ratec of absorplion 坊 
Or 汪 
Herce the coefficiecnts 扩 J= and 
coOeFicierzrs 和 A andEB-Iris cicarthart 
of absorption is dctcrnincd byv ihec sanpacec 
cmjssion js aljso caljcd thc iazrerrecl cPSorPEEOO 
From the above relations. we find that 

Rate of stimulated cnmission rm _Nz> 坚 

Rate of absorplion 一 rm SN 

But according to Lhe Boltzmann' s statistical jaw. :he Probahility of fnadinz 
tcm with an energy 三 岂 an absolutc teniPerature 工 Prtionai LO ce- 下 T 
Hence :4 an xibsolute Lecmperaturc Tihe ratio oF nurmmber < 


人 icicnt 号 . 


cnergsy state 2 to he numiber of atoms 入 in Uhe cnersy xiate 
ceE IT where AE = hvia is the difference of encrey betwecen these statcs ic 
Na> 
二 -iii) 
N) 
” 愉 
刀 
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168 Engineering Physics 
From equation (ii)， 
血 - e-hviz/KT 
I 
From the above expression (iv) it is clear that 
(i) For the visible light 入 = 5000 A orviz = 6 x 1014 Hz, at room 
temperature T = 300 K. hviXKT = 96.1 


mb _ ce-964 or b 
Ke 卫 
Thus in the visible light region, the stimulated emission is negligible as 
compared to the absorption. 
(iD For the microwaves, 入 = 108 人 or 10-2 m and vi2=3x 10I0Hz， 
at room temperature T = 300 K. hvi2/KT = 4.78 x 10-3 


.fiv) 


1 0 一 2 


T -3 
Hence， b -= e-478x10” = 1.005 
Tc 


Thus，in the microwave region. the stimulated emission is nol negligible 
ns compared to the absorption. It is clear that the probability of stimulated 
emission is more in the microwave region. 


QT7. Whatismean1 By stimtutlafe emmission 2 Erplain je Basic condilion 
加 wjnici stimtulated emmissiom domrimatedL. (RR.G. 忆 YY，Dec. 201: 


47S. Refer the ans. of Q.3 and Q.6. 


Q@Q.8 Using We ideas ofaromric ercilaliom explain ne Principle O1oxery' 
Or 

Explain We mecessamy comdifioms reguired Jpor aseracriom ad NO 
iese 5e obiainedL 

41zs, The change in numberof atoms in the excited cner&y statc i possible ， 
by the following hree processes 一 | 

(iD Self-emission (ii) Absorption (iii) Stimulated emission， 

The principle of laser is based on the fact that there is morc stimul 
emission as compPared to the self-emission and absorption. ; 旦 

ITN and Na be he number of atoms respectively in the ground energy 
state and the excited energy xstate. and ui> is the radiation density 由 和 
surroundings corresponding to the frequency wa of photons emitted by Self 
emission from 由 he excitecd energy xstate to the ground energy state. then 

Rate of self-emission = AlN> 

Rate of stiinulated emission = Bi>N2zul> 

Rale of ahbsomltion = BiaNiul> 

Here. Ala and Bi: are respectively the Einstein's coefficients 人 andB 


COHI 


ted 


Rate of stimulated emission BiI>Noul 
Hence 2 己 :一 归 一 二-12 3 
Rate of self-emission Al2N> 
人 ee 
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Ratc of stimulatcd cmission BizNz2ul2 _ 六 > 
Rate of absorption 也 2Niul>2 Ni 
For the laser action、 it is esscntial that thc ratc of stimujated emission is 
higher than both the ratc of self-cmission and the ratc of apbsorption- Hence. 
the following conclusions can be obtaincd from thc above relation 一 


(iD For the lascer action N2 >> Ni i.c.. thc number of atoms in thc 
cxcited energy statc must be very largce as comparcd to thc number of atoms 
in the ground cncrgy statce. This is calljed the PoPprlatiorz zirzversiorz. 

(ii) For thec laser acltion. thc value of ui> must be as high as possiblc 
i.e.、the _ radiation decnsity in the surroundings corresponding to the frequcency 
via of the photons cmitted by sclf-emijssion should bc high. For this. the cmitted 
radiation is kept cncloscd inside a cavity betvween the two parallcl refectors so 
that due to the successive renections, thc _ number of photons corresponding to 
the frequcncy viz increascs and hcnce the encrgy dcnsity ul> increases. 

(iii) For the lascr action、the ratio of the Einstcin's_ coefficients 人 A 
and B should be minimum-. For this、Lthe excited cncrgy statce is chosen such 
that the self-ecmission from it is forbiddecn- This cnergy state is called the 
zetastapPp1e starfe. By doing so, the value of A becomes nearly zero. 


CC.9. W1rat cto yor rtrzcterstaracd PP ctiye mazectirer1z ic 74.S 瑟 民 了 > 
(RER.GC. 已 KK，Dec- 2003) 
4rs. A medium in which light Sets amplified is called an acrzve rzecfirzz7z- 
The medium may be na solid. liquid or a gas. Out of the different atoms in the 
medium、only small fraction of atoms of a particular Species arc responsiblc 
for stimulated cmission and consecqucnt lisght amplification、they are callcd 
actiyre cerlires- The remaining bulk of the mediun plays the role of host and 


Supports ncltive centres- 

CTI0.W1rar is Poprlariorz imarersiom ?2 om Ms il acjrieved Dy oprica7 
Pit111D1TTS CT LSO erPLai7z MHzy Laser actiorz cid11OLOCccur ijzorrPoPrrtatiorz 
zzpversior Dereerz CIOmIIC evets 了 


Or 
DeFirre PoPrtiatior zirzrersior G12G SPom rar it is mecessary or 
a172DLiicarior or 1igFzr zz G 77zeciire771- (R.G. 忆 内 arcj1a[tprir 2070) 
Or 


War is PoPpriarior iversiorz ia zasers aad Pom is 这 acPrievec > 
(R.C.PY，、Jrrre 2077) 


71s. Population Inversion 一 Laseroperation requires obtaining stimularecd 
emission almost exclusively. To achieve high percentage of stimulated emmission、 
an artificial Situation known as population inversion is to created- 
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1 
| Na2 _E:-SiysT] that in a State 
认 | ths state of the 人 
His seen | Ni | Tmal equilihion， 


there are more 3 in lower level than in the upper level. But to achi 
samulated emission there mRUSI be TOTE atOms in the upper level 和 和 
lower level. Thereiere.a nen-equilibrium StaIC is to be produced in which te ， 
larion of the UPPer cneTEY ievel exceeds to a larger exXtent the 
- afthelowerenersyie' el When this situation OccuTS、 the Population sibuam 
betwesn the ievels El and E: is said to be inverted. and he medium is 
have gene inte he StQIC of popuiariom imyersiom. LIU will be scen that N、 
exceed Ni eniy if the temperature Werec negative. Therefore、 the state of ， 
population inversion is sometimes referred to as 3 negative temperature stale，) 
Pumping - The Process af achieving population inversion is known xs 
pumping of atoms、 most commonly used methods are 一 
(Optical Pumping (used in Ruby lasemD 
(in Electric discharge (used in He-Ne laseD) 
(Di) Inelastic-atom-collisions 
(iv) Direct conversion (used in semi-conductor lasemD) 
(v) Chemical reaction (used in CO: lasen). 


In optical pumping, we use an extemal light SOurce which emits thelightof ， 
frequency for which the energy of photons js equal to the energy Tequired to ) 
excite the atoms from its ground state to a state from where the atoms by Self ， 
emission come to the desired metastable state. Which is shown in fig. 4.4， 


E2 VV-iY' 
NE 
astable MATY 


Excited State 
E2 
N 


VVev 
VViv ft 
State 
VV=hy 
VVhy 
FE0 Le 轿 汪 
faj Pumping of 4iomsjJrom fb) Self-emission Jro 
Ground Siate lo he Ercited Silate Erciled Siate to 好 elastable Sol 
ee 一 上 2 
E1 
ooo ii \VAV 一 沁 
VVc-hv hv 
YVv 一 
E0 E0 
本 (cj 41oms 训 虽 etaslable Silate (dj) Siimulated Emission 
1 


了 和 dstralioz or Optical Pumaping anad Poprlatior Jrzrersio 


__ 
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ztE2sers T77 
Iay be mentioned here thalt if an atommic systenl has onlv the Frwo 
nersy states one Sround cncrRgy statce zand the other metastable cnerSsy statc 


wb the Sround cnergy state energy hy cnersy hv no Purnpins acrtion is 


required. The reason is that on pumping the Photons of frequcencv v in thc 


atomic System Ithe number of transitions from the ground cncrSsy statec to the 
upper metastablec enersy state increases and simultanecouslv the_ number of 


stimulated (transitions from the metastablc state ro the Sround state also 
increases. \Vhen the number of atoms in each state beccomes half rthe total 
number the rate of stimulated emission becomes cqual to ithe rate of absorption 
the number of atoms can never becorme more than 


and in the metastable statc-、 
Place-. 


half the totnl number due to which laser amplimcation doecs not take 
Population inversion is only Possible when the absorption is at an enerey level 
hisgher than the metastable statc so that the atoms mav come to the metastable 

mission and then the stmulated 


on. it is_ essential that there are 


state from thc hisher enerSgy state by secel 伍 
emission occur. For Strong Stimulatecd emis 
more than half the number of atoms in the metastable state-. 
C@.77- ExPplairz tpzree aid .JDrr erel PrrazpirzS scperrzes rsed im 1asirzg 
actiorz。V1aic1z orte is Perter 1acl 1 了 (R.G. 己 册 .4Ppriz 2009) 
47zs. Three-level Pumping Scheme 一 Let an atomic System has three 
energy levels as shown in fs. 4.5. The state 王 ， is the Sround state and 王 ” C 
下 3 are excited encrgy states. When 1light is incidecnt、the atoms are rapidly 
excited to uppermost states E3. The Pump lecvel Ea is not a stable state- 


Pumping Level 
E3 5 


Rapid Upper 
Decay Lasing Level 
E2 下 > 
Aietastable 
State 
E1 E) 
Lower Lasing Level 


Ground State 


(cJ COpticel 忆 cerzzPirzz (已 ) LezrsirzS 人 ctiorz 
FiB. 所 5 4 Typical Tree erel Prerrzpirzg ScFrerrze 
el for long Lime- The Probability of 


SPontancous transjtion 三 3 一 下 ) is comparable to E: 一 E>. E, is thec metastable 
statec，sjince Probability of E， 一 E transition is cxtremely small， When the 
medium is exposed, a Jarge number of atoms will be cxcited ro the hisher 


Scanned with CamScanner 


Atoms do not stay at the Elev 


7 


7 Enpmneerr Pses 


enenEY ievel ESeome of these Mtons make xDOntneous Lansitons io the 
lowest level E，hot nn of (them make spontaneous mnsitions to the E、 
hrowgh non GOVC mn As sontaneous ImInsiNons from E- to EPE， 
OSI PTciv he an Pet maphped Mn he statc 下 、This Proces< cofitinoc 
When nore than haif nt the grnund stnte atoms accumulatc at E、the populationm ， 
niversion achieved hetween Enand E、 - 


ln th shenrc avef Uscful-pump power is required because to achicve F 
4 


Popeiabon nvervon more than half of ground state atoms must the pumped io 
he upPer 


Four Level Pumping Scheme - A typical four-level pumping scheme 号 
Showm in DR 40 Through the cnergy source atoms arc lifed up from te 
Rroand cnergv state Eto the upper level E:. From the pump levcl E. ihe 
cms rapxdlv iall io the metastable state E,、 Population inversion is achieved 

twccn the Maitcs EE、and E、A photon of energy E; - E> = hv can stan 3 
chain of vimuiated cmission bringing the atoms into the state E>- 


empag ievel 


Upper Laying 
Level 


《yw ft3313 四 ie 
State 


Lower Layinsg 
Level 


Csesd Stste _ 
faj Parmping 他) Lasing Acfio7m 
Fig. 464 Typical Foxr Level Purmping Scjemze 
C.12. Exrpiain why heo Lerel pumpPing 全 mof Suilabie Jor Oplaining 
PopPazlarion inyerxiom. fR.G.PVY, June 2007 刀 


ns jif there are only two energy levels the ratc of stimulated emission 
1 得 -ofinduced absorption. Hence the condition of populatiog 
;eve became NI = Na and herefore in hi SitUa0OD 
on ww 刘 pot Lake place and laser dualification will not osF 
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、 pe active maseriajl placed in betweccn them. One of the me 下 

| we ie other one is made 100 乞 renecting. The miTOT SF 


人 ， 
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Sef Givea 和 = 550 am = 550 x 103a 工 =300 的 
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一 ERENTTYPES OFLASERS : GASLASERS HE-RE COz3 


让 SOELID-STATE LASERS RUBY: 下 EODYHMEUBMD 


丰 下 czrss comst7rzECIEOEP Cad MD8EiTTES OF 再 ce- Ye JeseT HIP EPETET 


到 
缘 工 (RG. 尸 刀 Fc5.、2070.、Pec- 20733 


ezrez CEaESTAT Or 
天 xpPdzeim corrstrztctiorz CC MORE OF cy DOmme SGseosrs ICser 
(已 .G- 己 记 erre 2077) 
CO 
Descripe 二 e corst7zzCIEDP CTTCG MD7 天 imE C 再 ec- Ne Iser mt ETET Eee 了 
CEeErezm- 国生 ( 术 .G. 己 忆 Lezme 207 


天 rPpdeim ri 天 巧 e 天 ec 色 of mecrt CEcSreme 琴 e Prircaipie cza raorKirzES C 
e-Ne Exse 六 ( 忆 .CG- 己 史 、PDiec- 20735) 
Or 

天 xpPtieim 号 c cDmSETIECIEOZ ad orKEirSs co 和 理 e-ANe Isxer et 石 cmETET 
Eeel cas7ez- (已 .GC. 亚 人 Jazzmre 2076) 

.ms 开 Fromn th ruby laser we See 2 vezY ipscemse bear ba this beam is 
cbezined in tbe form of Pujses and icanmpog be sed fos dhe Peactical PuzPose- 
Focr :be pxacticai PerPosc- we reqeaire 2 contimeeonas jaser bearn For this as 
jzser is zscdG- 

] Hecliurn-Nieoen laser is 2 2as lasey ip which = rmixfre of heliuamn =npd Deco 
Ezses is Used. Tbe He-NNe jaser bas ihe Illowins rmain Paszts 一 

fT) ，  Drkzirr2 Szpsrarzce 一 1 is aa rnixpare of beiiern and peon Seses 
in the razio 7 : 1 as a Pressare of 1 rm of Hg- 


ER 
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fi) 尺 esorzamt Cavity 一 Tis quartz tube of length nearly 0.5 mm 竺 
diameter 5 mn with its ecnds Perfectlv Planc and Parallel. Thbe lef end of Be 
tube is a Pertecti reflecter while the risht cnd is a Partial re 们 ector. 


fiz) ExcitirzS .SoOrce 一 1Uis aradio frecdguency Scenerator which con 汪 
the_ electromagnetic radiations of frequency nearly 3 x 107 Hz- 

Fig. 4.10 shows the construction of Helium-Neon laser Tt consists 
long quartz cyiindrical rube filled with a_ mixture of helium and neon 
One end of the tube is Provided with a Perfect reflector and the other end 
a Partial reilector. The Pumping of the gas mixture is done with tbhe2C 
electromagsnetic energy due LO which a laser beam of nearly 40 wz 
wavelensth (和 = 6328 A) is obtained by the stimulated emission. 


Perfect Quartz Tabe 
Renector 


Partial Reflector 


Mixtore of Heliom and Neon Gases 


一 


Radio Freduency Generator 


Laser 了 ez 


Frequency=4x107Hz 


FiB. 也 70 五 efirerzz-7Veorz 7ZCzse 矿 


VVorking -- The energy level diagram of He-Ne laser is shown 
年 g. 4.11. When the power is on, the electrons collide with He and Ne atom 
and pump to metastable states 20.6l1eV and 20.66 eV respectively. Thc excitet 
He atoms transfer their cnergy to Ne atoms in collision，、with the 0.05 eV dl 
additional energy being provided by the KK.E. of thec atoms. Thus. thc Purposbx 
of the _ atom is to help in achieving 3a Population inversion in the Ne atormon 
When an excited Ne atom goes from metastable statce at 20.66 eV to 18.70 eNtbh 
it emjts a photon of wavclength 6329 人 . This photon passcs through the Saspx 
mijxturc, is refected back and forth by the mirror-end and cmits a fresh 6324n， 
A photon in phase with stimulated photon. This is laser transition-. 


让 Nieta- 20.66 eV 
26.61 eV stable State 


一 一 -一 6329 不 
一 一 ”6329A sg7Teev 


Radiationless 
Transition 


Ground State 


Ne Atom 
2B. 和 II Fe 4tom1z 开 1zerBy 了 eyel Diczgzezr1z or ETe-7Ve Zerser 
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DiEscressy OKiS 0O1 CO， Laser 名 jartt 下 而 ec rofe o 导 > 10 CO User 
f 尼 - 7 忆 了 -zerze 2 


(FLC- 严 红 ，1Dec- 2003) 


rzs- Thbec CO> is a four level mmolccuja 
at DOCccuTTed betrween differenti vibrational statcs of 
ie _ impPpomnant lasings LUransitions occur 2 9.6 mm 1I06G pm- 
Fig.34.12 shows the carhon dioxide roleccujec comsi rr 3 Cemerai Crhon scrm 
th twWwO Oxysen altoms attached one on cither Side 
cdes of vibrations of 由 ec carhbon dioxide molecujec Le sexzc 
xdje and the asymmetric modec- 


ca 
Ge@ 二 
”Stretch Mode 一 s 
有 生 
Bending NMiode 
cs。 
上 


Raticsasl Mede 


de rmpDjiczajie- 


Asymetric Mode 
fc) (证 ) 


FiB- 也 12 ViDrertiorzal 11octes or aa CO，31oleczzle 

Construction 一 Fig. 4.13 shows the schematic diagram of 3 carbon 
)xidec jascer. It consists of a discharge tubec having a horc of cross-section of 
put 1.5 mmza and a lecngth of about 260 mm The di<charee tube is fiiled 
th a_ mixture of CO-. Na and He gases in the ratio of 1 : 2 : 3 Sorme water 
pours are also addcd. The active centes arc CO、moiec es lasing on dc 
nsitions between the vibrational levels of the electroenic Sround statc- 

Water In Water Det 


Brewster 
Window 


Gas in GasOwst 


Fig. 忆 73 ScPaerraatic PDiagrarrz or a Carpor PDioxide TSer 
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oxide. Thus. some aluminium atoms are replacecd by the _ chromium ions 
(Cr 人). Onec end of this rod is Silvered so that this cnd becomes 3a good 
reflector. The other end of the rod remains translucent. The rod is kecpt inside 
a glass tube which is surrounded by na mash tube in form of na coil. The nastf 
tube is filled with xenon (Xe) as. The ends of the nash tube arc connected rr 
a power SupPly to produce fiashes of light. Since、most of the part of cnergf 
used in producing flashes chansges into the healt energy, therefore to cool the 
rod.、cold watcer is allowed to how continuously in the glass tube. 和 
Principle and VVorking 一 Fig.4.16 shows the three enerey states of chromiunit 
ion in which Eo is the ground 
energy state and El and E> are the 上 ， (20.61 eV Atomic Collision ,020.66 eV) 
two excited energy states. 2 3 
1 6328 人 及 
There is a metastable energy 
State M sligsghtly below the 
excited enerSsy state 下 1. An ion 


2 


9 h 
E2 (18.704 
1ncoherent 

Lighl 


E1 
can remain in the metastable Non-rndiating 
energy state fora period of about Eu ee 浊 
10-3 swhereas it can remain in Helium 机 ni 


the excited state for a period of Fig. 和 7G6 
10-8 s。 ,1 
When a fash of light from the 和 ash tube falls on the ruby rod, th 
chromium ions Present in the rod absorbs green-yellow light (入 = 5600 A) 让 1 
8&et excited to the encergy states E2> and EI by the transitions 1 and 2 rcspectiven 
shown in fg. 4.16. Now these excited chromium ions losc some cnergyl 
collisions with the crystal lattce and come to the metastable state M by ， 
transitions 3 and 4 as shown in fig. 4.16. Therc is no emission of light in thy 
transitions. Since the ions can remmain in the metastable state and M for a 19a 
Period (=10-3 s)，therefore more and more ions come to this statc and Ye 
number of ions in the metastable state becomes very large as compared to 中 
in thec ground statc. Now Photons of energy corresponding to thec red lighta 
= 6943 和 A) from the surroundings stimulatc the ions prescnt in the metastd 
statce and emit othcr photons of encrgy _ corresponding to the red light () 
6943 入 ). As a result. the ions pass from the metastable state M to the grol 
state E0. These Photons are cohcrecnt and unidircctional、and thcy 
successivyely reflected at the ends of the rod. This process is repeated so E 
an intense, unidirectional and coherent red light (入 = 6943 和 A) beamis obtail 4 
Parallel to the axis of rod. This is Parallel lascr beam. Actually, this laser beo 
is_ obtained in pulses、hencec it cannot be used for the Practical purposes. 
@.27.Wjrerrt cto yore rerzcderstaradl Dy PoPpriariorz iversiorr ?2 古 ow ix 
ccPiehrecl DPy Optical PITIPDIIS ?2 开 XPicrizz Fo tPe aponve lo Processesfi 
realizecl 177 慌 rLPY Lase ( 民 .G. 已 YW，Dec. 2 人 


47zs. Refer the ans. of Q.10 and Q.20. 浊 
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4 .22. WIITTe co 11pe so1yze cdrett ezcHs 0 rrePpy Use 太 
mrs- There are Some drawbacks in the threc Jecvcel ruby iascr which arce as 
ifollows 一 

5 (DThe efficiecncy of ruby laser is very Jow because oniy the green 
component of the Pumping light is utiljized whilc the rest of thc comiponents of 
incident light are lecf unuscd. 

j -有 四 。 

Ci) The laser rcquirecs high pumping power bccause thc Jaser 
Transition tcrminates at the ground state and morce than onc-half of Sround 
Statc atoms must bc pumped to the highcr state to achicvc Population inversion- 

(iii) The laser oultput is not continuous but occurs in the form of 
Dulses of microsccond duration- 


(iv) The decfects due to crystalline imperfection- arc also Present in 
his laser. 


@.23. WIITzite sjzort rzote orz cj1zerzzical iezser crzcl ramaPpie Lase 太 

47zs- In a chemical lascer, instecad of atoms. the molecules are brousht in the 
netastable state by a chemical reaction. These lasers aure very strong and efficientL 
n a chemical ljascr hydrogen and fuorine gases combine to form trhe hydrosen 
luoride gas. It is used to obtain an infrared laser beam of nearly 2 MVY power 

Another chemical laser is the carbon dioxide gas laser. Ir is used Ito obtain 
laser beam of nearly 100 W power Its main application is in surgery to close 
he small blood vesscels while cutting the tissues by the evaporation of water 
hrough the infrared bcam-. In the industrial area、carbon dioxide lasers of 
norc Power arce used for cutting the metal shcets- 

The other chemical lasers are the dye lascrs in which organic dves are 
sed. The energy levels of molecules of these dyes are very close due to 
hich a laser beam can be obrtained from them in a continuous rangse of 
avclength. The wavclength range of these lusers is from the visible resion to 
ic infrared rcgion. By changing the secparation between he mirrors at the two 
ds of the rcsonant cavity, a dye laser can be tuned for the desired range of 
avclength. This is why the dye lasers are also called the rzerczple Lasers- 

CC.24. Exzpiazrz (TVd : TAG) Garrzet Laser Sjom also errerey rerel ciagrazrz- 

(ER.GC. 忆 MA，PDec- 2007、Jreere 2007) 
Arzs. Nd : YAG laser is onc of the most popular types of solidi-state ljaser It is 
tour level lascer Yittrium aluminium garmet 站 3AlsOla. cemmenly called YAG is 


Optically jsotropic crystal. Some of the Y3+ ions in the crvystal are replaced by 
oO dymium ions、Nd3+. 


Construction 一 Fig.4.17 illustrates atypical design of the laser HIUconsists 
an celliptically cylindrical refliector housing the laser rod along one ef is 
Fus lines and a ash lamp along the other focus line. The light leavins one 
:us of the ellipse will pass throush the other focus after rehiection from the 
vered surface of the reflector. Thus、the entire Hash lamp radiation Sets 


[pa 
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focussed on the laser rod. The two ends of the laser rod are Silvered 31: 
polishecd and constitute the optical resonator-. 


P 
ML Nd:YAG Rod M2 
CD 
Flash Nd:YAG 1 
ER Lamp Rod 总 
Ellipsoid al 
Reflector 
二 
TrigRger 
Pulse 2 
Capacitor 也 ank 
十 mw 
af Ellipsoidal - 
Power Supply 了 aliast Resistor Refector 
fc) (bb) 
Fig. 咎 7T7 Desigrm or Nd : 7Z4G Lauser Ph 


YYVorking -- The energy levcls of the neodymium ion in YAG cy 全 < 

shown in fg. 4.18. The cncrgy level structurc of the frecc neodymium atosac 

Prcserved to a certain cxtent bcecausc of its relatively low concentration. 汗 
However the energy levels arce split and structure is complex- The purg 

of the Nd3* ions to upper statcs js donc by a krypton arc lamp. The o 伟 

Pumping with light of wavclength range 5000 to 8000 A excites the ET 


state Nd3+ ions to higher statcs- Thc 
mctastable statc E3 js the uppcer lascer 
levcl，while the E> forms thc lower 
jascr lcvcl. The upper lascr levcl E3 
will be rapidly populated，as thc 
cxcitcd Nd3* ions quickly makec 
downwards transitions from thc 
uppPer encrgy bands. JTJhe Jower laser 
jevcl E2 is far above the ground lcvecl 
and hence it cannot be populated by 
Nda+ ions through thcrmal 
transitions from the ground level. 
Therefore.、 the population inversion 
is readily achicved betwcen thc E3 
level and E2 levcl. The laseremission 
oOccurs in infrared (ITR) region at 3a 
wavelength of about 10.600 A (1.06 


hm). As the laseris afour level laser El 


the Population inversion can be 
maintained in the face of continuous 


FE3 


E> 
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Uasercmission. Thus, Nd : YAG lascr cz be operated in CW modc. An cficicncy 
bettcer thzm 152 is achicved 

Nd : YAG lasers find many industrial appjlications such as resjistor 
trimmings, machining opcration Jikc wecldings. holc drilling etc. They xzrc aljso 
used in surgcery- 

.25. .Srterre 1zecessary coOrzctitiorzs Dr StIrD1aB SIE17z1LUCztecz 217TisSEDIT CIUCE 177 
rzis re1ererzce- ETEPLairz 天 rzsteizz3 4 czrzcl 已 coe1jzcierzts- ErPUairz CO72SITTCIED7Z 
1TC1 JIOFKITIB Or VC -4CG or 尺 rePy User orit1z erzerBy Verel cazegrery7z- 

(REG. 忆 Frerze 2073 了 3) 

7zs. Refer the ans. of Q.6. Q.5. Q.24 and Q.20. 

C.26._ ExpPplerizz Folosrap1zy tecFrrzigre pr recorcairzg cr1zcl reProctrecirzB 
-D zzzaBge or crz opject (RER.G 己 V 4PrEzl 2009) 


4rms. In 1947 Dennis Gabor outined a radically new technique of 
hotography objccts. He called this technique “wavefront construction”- 
\ccording to this technique both the phasc and intensity attributres of the wave 
re recordcd and when viewed the photograph shows a three dimensional 
magc of the object. This technique is named holography- 


Laser Beanl 


Fipg. 忒 ID Cerzeratiorz oa 万 oiogrer7z 


Fig. 4.19 shows the Principle of holography a vezak but broad beam of 
er light is split into two beams namely a reference beam and object beam. 
> rcfercncc beam is allowed to reach the photographic Plate directly while 
objcct bean ijJuminates the objcct. Part of thec light scattcred by the object 
els towards the photographic Plate and intcerfacc Pattern is callcd na hologram- 
Jos” means completc in Greek and “gramma”means writing. Thus a 
Dgram mcans complete recording. Like any ordinary photographic Plate, a 
DBram is developcd, fxed and stored- 
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PROPERTIES OF LASER BEAMS : MONO-CHROMATICITY | 


COHERENCE, DIRECTIONALITY AND BRIGHTNESS，”′ 
LASER SPECKLES, APPLICATIONS OF LASERS IN 
SCIEENCE，ENGINEERING ANPD MEPDICINE 


@C27. W7ite ary heo cjaracteristics OF Iaser Www 

(CR-G. 严 Y，Dec- 2006， .Jueme 207 

Or 

Give Jorr maajor properties or a Iaser 1iBPL (R-G.PV，June 2or 中 
Or 

WTrire dowrz tpe mzairz properties or LA4S 厂 尺 (R.G. 己 V，Juere 20 二 ， 
Or 人 


in 
开 xpiair pasic properties or Iaser 1igFzt (RR.G. 己 人，Dec. 20rjo 
人 


如 rs. The laser beam has the following characteristics 一 mn 


(Copererce 一 Aconventional light source Such as an incandesces 
lamp or a natural source such as the sun produces incoherent light since the 
emit random wavelength light waves with no common phasc relationship.0 
the other hand. the waves emitted by a laser source will be in phase and ae 下 
the same frequency- Thercfore、light generatecd by a laser is highly coheren 1i 
The coherence length L-oh which is determined by the relation、 


Leon = 入 2/hA 和 En 
is typically of a few kilometres in case of lasers; whereas the coherencec leng 


of light radiatcd by conventional monochromatic Sources is of the order 肯 
few millimnetres or centimetres. ad 


(ii) Directiorality 一 Light from conventional Sources emit in 
directions. Lasers emit light only in one direction as the photons travel 改 
along the optical axis of the system are selected and augmented with the htai 
of the optical resonator. 

(iD) Divergerzce 一 Light from conventional sources Spreads ou 
the form of sphcrical wave fronts and hence it is highly divergent. 从 
divergence or angular spread of the laser beam is cxtrecmely small. The 过 | 
divergcnce that cxists in it arises out of the wave properties of light. When 
lighlt issues out from (the front mirror、 it undergoes diffraction because 


semi-transparcnt mirror acts as a circular aperturc. Accordingly，i spret 

out zamnd the angular spread is given by bi 
(1.22 入) 

Age = 

d ? 江 

wherc d is the diametcr the front mirror. , 习 
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(fir) 7rz1ferTA11y 一 The intcnsity Of 1ighr frorn 3 COnVveDUOP3 sOUTrCC 
rzipicdJy with dJistancc. as il sprcarls in thec form of sphericaj waves- 
54 thbhc sourcc wifhoul any harrn io his cyes JE Contirast，3 jascT 
1its 1ight in tpc form of a narrow bcam which propagatcs in rhc form of 

:全 wavcs. As the cncrey is concentrated in a vcry narrow rcgion. its intensity 
六 1d bc tremmendously high. HL is cstirnatcd that Jight frorn a typical 1I-mWVA 
ascer js 10.000 Limecs brightcr than thc light frorn thc sun at the carth'"s surfacec- 
he jntensity of the Jascr beam stays nearly constant with distance as Lhe Jight 
avels in the form of Planc wavcs- 

fp) AMYyormzocHrorazatic 一 The Jight from normal monochromatic 
Durces sprcads Ovcr 3 wavelength rangce of thec order of 100 友 to 1000 大 . 
he Jascr light is highly monochromatic. The spread is of the ordcer of a few 
gstromsS (一 10 A) only. Such a vast difference arises because conventional 
urccs cmil wavYc trains of very shorl duration and Jength、whereas lasers 
nit continuUOUS Wavecs of very long duration. 

CC.28. INal co ?OU 72cC12 By SPecAKle 7mzetPocts ? 
41zs- Speckle methods can be divided into two categories 一 

(i) Laser speckles (ii) White light speckles 

(zi)， Zrzser.SPmecKles 一 Laserspecklcs generate from multiplie inertference 
light scattered from an object iuminated by a coherent laser beam- 

(CE) Tazte LIB .SPecKles 一 White light sPeckles are a physically 
nerated speckle Pattern on the surface of the object- 


Dnc < 


wOU 


.29. Discress tre rses azcd apPPiicatioms or csers、( 民 .G. 忆 FTF, Dec- 2008) 
47zs. They find wide apPlications in the field of medicine、 pure science 

ar. earth to another satellite communication. mmicrovwelding etc.) and biolosgy- 
Some of the uses and apPlications of lasers are Siven below 一 

(z) 171z HTeasreremzerzl OF TYery ZOTB Distarrzce 一 The lisht beam 
aincd from laser is unidirectional. therefore. it is used in measuring the very 
8 dlistances by the mcthod of refnection of pulscs. The distance of moon 
m the carth is measurcd by this method . 

(iD) 171z TaAKz1ag Fizze oles cxzcd Crettirzg tPe 7T71zicK era Sjzeets 一 
-beam obtaincd from laser is very intense and unidirectional. thercforce the 
Fr beam is focussed by an convex lens.its entire energy will concentrate in 
Try Small area. As a result at Point the intecnsity of beam becomes so strons 

the material placcd at that point melts and Sets cvaporated and thus a hole 
btained al that Point. 

(zz) 7 ,searc 一 The beam obtained from laser is monochromatic-. 
sforc it is uscd in finding such effects which could not be studied before-. 
5scnce of an truc monochromatic source. 


ee 和 生生 于 生生 
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fp 107 Telecomzmturzicatiom 一 The lascr beam is not apbsorbedin 
Water ence laser bcanl can be usced to transmit a number of teleyi， 
Programmes simultancously LUhrouph watcr. 已 
fr) 1 Porogrepjpy 一 人 lascrbeam can be uscd to obtain the theon 
dimecnsional images wiihoul usinP the lecnscs， 
(1) 1 Srrgery 一 人 laser beam is uscd in bloodlcss surPecry and 
remoOving the ecyc LUmOUTr- 
fi) 1 CHemmistry -Laser beam is used Lo acccleralc thc varigi 
chemical recactions. 和 
(iD)1m Space - The working for rockets and satellites in Space5 
much efficiently and effectively controlled with the help of a Jaser bcam. 本 
@.30. Di1jeremtiare Petfweem “SportareOLS emr1issiom ”CO2C “SEEULa 


emaissiomr or radtiafiom。 COprtcinr a relariom Pereeerz trarasitio7a PrOOGAiiies 


fje neo. Prplain pe applicarioms or zasers. (RE.G. 己 KK，PDec- 20 
ms- Refer the ans. of Q.3 and Q.S. 2 
Applications of Lasers - Refer the ans- of Q.29. 1 
3 了 31. War do yor mearz PPy Laser ad is WIOTKETIR PPT1Ci | po 

7reguiremaertts czrzcdl cpplicatiorzs ? 人 忆 
Arms. Refer the ans. of Q.1. Q.8. Q.6 and Q.29. 


Ar User Or 
@.32. Descripe re comstratctiom and iaser acriom 1 37e- 目 


7 rccro0 
YAGC lasecr win Re 7 41so descripe PEIOLS 1]17 
ee er mi emersy ierel diczgrerr7z [CRG.V AZarcHAADPFEL 2 中 " 


。 < OO.15 or Qi 
47as. He-Ne Laser or Nd : YAG Laser 一 Refer the an of .15 Or Cs 
Applications of Laser - Refer the ans. of Q.29. Ja 


EPTAINCE ANGLEitl 


INTRODUCTION TO OPTICAL FIBER, ACC 


闪 ND CONE，NUMERECAL APERTURE/ V-INUIMBSER, 
RTTENUATIOR 
TO 


《 er is oprical ipre ? 
Ptical fibres are &lass OF 
Plastic conduits as thin xx a human hair. 
desisned to auide light waves along thcir 三 
length、 lt is 2 diciectric wavesuide that 三 
Perates at optieai freduencies- An optical 一 
fibre werks on the Principle of total 
internal recnecetion. ira 
A practical optical fibre has in Sceneraql Fig. 也 20 Cross-secrioraatl Viewiic 
three coaxial regions (see fig. 4.20)- The err Oprical 天 iBre 
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mncr most recgion is the Jight euiding recgion known as the core. Jis surrounded by 
icoaxial middlc rcgion known as Lhec clerclcfirzp- Thc oulcrmost recgion js cajled za 
eur The refrctive indecx of cladding is 吉 jways Jower than that of thec core. Thbec 
5UrpoOsec of the cladding is to makc the light to bc confined to thec corc. 


34 Cipe Une idleez cpoprl Ga Dre1tcfe or Jipre opric ccple mi cliagrrerrzz- 
(FRR.C. 忆 下 ，FrePD. 20035) 

47s、Fibrc bundlcs may be groundecd into thrce catcgorics. namely.(i) 
jigncd bundlc. (ii) fuscd bundic. and (iii) unaligncd bundlc. The ziened bundlc 
an iissembly of Pbres in which thc coordinates of cach fibre arc LUhc satmc at 
1c two cnds ofthe bundlc. Hencc these aurc also sometimcs tcrmced as "cohcrenl 
undlc .Pused bundlc is a nexible bundlec of Pbres in wbhich Pbres at the two 
nds are fused to achicve higher packing efficiency and surface duality. The 
naligncd bundle is an assembly of Pibres in which fibrcs.arc randomly 
Dsilioned、used primarily for conducting light around corners. Thus basically 
re bundlcs may be 
?hecrcnt or non- 
)herent. In thec non- 
hercnts bundlcs 
te heed is paid to 
ec oOplical isolation of 
fibre from its 
Shbours. In cohe- 
nt bundlcs the 
res arc 1SSscmbled 
such 2 way LUhat the 
ativec positions of 
> cncis of 2nYy Fibre 
th the bundle are simply related. 


Polyethyiene 
Jackets 


Core W rap 


Optical 
Fib res 


Steel Inner 
Core 


Copper Wire 


A In m iniu m 
Tape 


1- 27 Cross-sectiormal Tiem or Fipre Opric Capie 


Grooved Polyethyliene Coce 


The cross-section of na typical fibre optic cable is shown in fie. 4.21. 


There are 


2n major components in ii 


fi) Sreel 1raer Core 一 This core is made of uircraft steel and runs 
ouahb the centre of the optical cable to absorb tension applied during cable 
tallation in ducts- 

fr) Croorecd Polyet1ayiere Core 一 Polyethylenc pellers are melted 
] forced throusgh a mold. forming grooves ztround the inner core. the core is 
stecd. Each Sroove in the core contains Six fbres or copper pair the later 
yY be used as an order wise or for other purposes. 


laid in tbec 


7 


fT) Opiicerl Fipres 一 Colour coded >trands of fibre : 
ral groovcs. The Structure is designed to Prevenl pinching and squeezjr 
ich could break :he fbres or affect their performance. The optcal fibre is 


一 


Scanned with CamScanner 


187 


Scanned with CamScanner 


Lasers T159 


匠 ER 


Radinus 一 一 


Fig- 区 22 Fig. 世 23 


(T) Creacdied-irzdervr (GRIN) Oprcay Fipre 一 If the core has a non- 
niform retractive indecx that srmduallv decreases from the centre toOwards the 
are-eladdins intertface、the fibre is called a sraded-index fibre. The ciaddins 
as 3 Unitorm refractive index. The refractive index Profile of srmded-index 
brs is shown in fis. 4.24. 

有 


nl Core 


Cladding 


| b | b | 
is. 并 24 Graced-irzder OPpricarz 下 ipbre 天 ie. 也 235 


The Path of the rays are shown in fis. 4.2S- 

It is obvious from the fisure that an ray is continuously bent and rravels a 
sriodic Path along the axis. The rays entering at different angles follow different 
arhs with the same Period. borh in space and time. Thus. rhere is a Periodic 
:1f focussing of the rays. IU should be nored pulse dispersion is less as 
?2mPpared with the step-index fibre- 

Optical fibres mnay be classified dependings upon the types of propasation 
ithe Suide ie. 

( 动 Single foctec 大 ipre (SA 大) 一 Fibres with narrow cores (about 
2] um) allow only one wave modie to pass. These are called monomode fibres- 


ET 
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f1) Areltirrzocte Fipre (ATAT 厂 ) 一 Fibrcs with core dizarneters ax 
HLm and abovc alow diffcrecni wavcmodecs. Thecse arc callcd rmulUjrneoxje fr 
Gradecd-indcx 和 brc superiorihan stcp-indcx 有 brc becausc rarneoddyr 人 
(eraded-indcx 和 brec) offerscveral advantagcs Corparcd with sinp2Jc rnOx 近 人 sw 
(stcp-indjcx 有 prc). The Jarger corc radjal of rnultirneoxjec 有 brcs rnakc 1 
jasonch cplUcal powcr into thc 有 brc and facjjjitatc thc connccUn 10P21hc 
srnilar 有 brcs. 记 noOthcr advantagc is thatJight can bc jaunched into 2 TU 
行 brc usin2 2 jight ernjitin2 diode (LED) sourcec. whercas sjin8BJc-rmede 和 mr 
TIDUsL ECncrally bc cxcitcd with lascr djiodcs. AJthough [LEIDS havc Je 0 也 
OULPut PoOwecr than jascr djodic、thcy arc casjcr LO makc- 2TC jc55 CXPCR 
rcdujrc lcss cormplcx circuitry and havc Jongcr-jifce :imcs thaDn Jascr do 和 和 
thus making thcrm morc dcsirablc in certain apPplicaticons-. 
C. 了 7 War cre Optical pres >? Cipe tPeir Classirrccrtiorz. 要 
(PR GPK，PDec. 201 


-4775- Refer thc ans. of Q.33 and Q 〇 .36. 


站 及 
C.35. DiJerematiare Between step imdexr arzdl Bradtedl iacdler Opticil Ji 
(RE.G. 忆 K，Dec. 201 


4rms- Rcfer the ans. of 〇 .36. 


C.39.。 Wite the adtyanztage ao mmttltinrzoce JiBres Oper te 3SE11BLe TV 
Pres- 人 (RER.G. 严 W，-Jrerze 201 


Arms- Refer the ans. of Q.36-. 


C.A0. Write sfzort yzote orz mtzstLtiryzoce BCCVCC1 iacte 工 Jpre- 
(KRC. 己 区 ，.Iee12e 2009， 2 作 


开 


局 mrs- Refer Ithe ans. of Q.36. 


ae 少 

C.3z1- Descripe ipe corzditiorm 大 -tal imzterrzal re17ectio7 zzz 
optical 万 Pre- 

人 5 When light is incident on one end of the fibrc al sIDDa]] 
passcs througsh the fbre as 
cxplained below. Let ij be thec 
anglce of incidence of the light _ 
ray with \he axis and r be the 
ang8le of refraction. If 9 be the Fibhre Material 
angle at which the ray is 机 
incident on thc fibre boundary、 18. 子 26 
then 9 = (90 -- r) shown in fig. 4.26. 

Suppose nil.is the refractive index of fibre. If 8 = 6 critical anglc what 
eu = sin-1 (ln then the ray is totally internally refiected. In this way the: 
underaoes repeated total internal renections until il emerases out of the other 
of the fibre, even ifr the fibre is bent. Thus.、 thc light ray is guided throusghi 
和 bre fron one end to other end without :my energy being lost due to refract 


anglel 


Coating (PP = 1.5) 


IE 一 下 ea 
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人 42. Dejfirre Mt ex17UAE1T 1e LEro1i POPCGCAED11 11I0C1egs JPDr 2 OP1Ecerl 
Jpre. fPR.C7. 严 人 ，JDec- 20712) 


5。 ji 
开 


tcs 25 20 Cjcctrormagnectic wavec thbrough 2n Opticdaj 
Povc tbc crilical am2jc， 
301 有 1 ji5 DOl ITrUC 


更 PrOPHSP 3 


trobc that 3 于 wz 


having ray dircctions 
Drc bc to 1ot2 intcrnaj rcfccuon. 
5jong tbc 且 brc. Jp rczaJily. cnjy cem5zajn ray drcCticmn' 
了 TPe 32Jowcd dircctions correcsponc io 1he modcs of 
1he Possiple puUrmbper 


pcd within thc 用 


名作 VCY Prr7PP2 
Jiowed (co PropPpagate. 
prc. Jn sirnplc Icrms. rnoxd 
0 Deht in an OpPUCal 全 brc. 
2a7j2a] dircction- 上 CCcordin2ily, jght ray 
5 2Xj3j ray5 2nd Zi 叱 XUE TaYS- 

Modes arc decsigncd by zsn order nurmber rm .Ina 和 brc of xcdihicknecss， 
than thec iower ordjcr modcs- 


CH je Yi5U3j7Zecci 233 
本 he paths zarc 2 有 ZUZ2HP Paths cxceplinge 1he 
s LravcJin& through a 三 brc arc classificd 


thc higherorderrmnodcos Propagate at 5rmallecr an 吕 
Jpe Zero ordcr ray Lravcls aon2 thc zxis amnd js called an axjal IE 
马 了 3 HUA zec Acelp or rcey carct17z，SAON TO OPDIECCL_JEPreSs CEI7 Getcte 
1EeAA apes。 Dertye crz CDPreSSEO1E Dr CaBLe Or cccepterace Ore 了 Hzet1y 汪 
9TCC1TL DY CCcePterace Come 了 (CT. 己 YL，Jrze 2073 了 3) 
_ Or 
xpleuirz tae Propageatior orzigar rr crrz DOPiiccrl pre 取 1zcxt 5 TICLEEATECITT 
UzBLe O1 accePiarzce cac cccePterzce corae 了 
(Fe.G.P 严 KK，4Pril 2009. .rrerze 2009，207O 
4 Thc cnd at which the lizght centers the fibre js cajled the launching 
d. Let the refractive index of thc corc be Pi and the rcfractivc indcx of the 
iddine bc nz2ftn2 < ni). Let the outside medium from which (he ligshr be 
aunched into the fibre havc au rcfractive index number no. Let a jght ray center 
9c fibre at an angle 9 to the axis of the fibre (sec 们 g. 4.27). 


Totally lnternaly 
Reflecred Raty 


三 nd 


Incident 
Ray 


GTAiB. 革 27 ProPpagatiorz or LIB ia cz Opticcrl Fipre 
JI 中 > 6 (critical an8lc), the ray undergoes total intcrnal refiection al (hec 
sle 由 > 9. the lisht renmains within the fpre. 


iterface. As long as thec 3 
Applying Snell's law Lo the Jaunching face of the 和 bre、we et 
sin 昌 j ni 人 
| .--(i) 
sine@- DO0 
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AP 机 7ire SForr mote om 下 -ma2z1I3Per (RRCG- 斑 史 ， Jrerze 2009. 207 
Or 

了 DeFme amd ezpicinm e rerz mmDOrzzaGE-edG 万 egrrerzcy Jor arz Optical Fipr 
f(R.CGC- 己 六 Dec- 201 
ms- An coPtical fibre is characterized by one more imPportant Paramete. 
known as V-number which is more Senerallv calied rmzorzrzaLi-ed _ 厅 e9grerzcy 区 

the fibre. IF is Siven by the relation 
0 术 0 

入 
This is a dimensionless number that determines how many modes a fibr 
can SUpPorL 


whbere a is the radius of the core and 入 is the free space wavelength- We can 
express V as 


肥 
及 加 
人 
浊 机 
and V= 2 niV3A 0 


The maximum number of modes Na supported by 3 step-index Eee 
determined by 


(iv) 
Nu = Vzastep-index fibre 


Thus for V = 10. Nm = 50 


。 ji Sa 
For V < 2.405. the fibre can support only one mode and is classifiec 9s 
SMF. MMEFs have values of V > 2.405 and can support many 四 
Simultaneously-. 


- s the 
The wavelength corresponding to the value of V = 2.405 is known 引 ， 
cut-off wavelength 入。of the fibre 


MXv 2 
= 2.405 i 
From equation (ii single mode Properties can be realized by decrcas ng 
the core diameter andy/or decreasing A such that V < 2.405. Either 3 large 
core and/or a larger A will result in multimode Properties- 
_ ”In case of GRIN fibres. for large values of V， 
: va 
Nam = SGrin fibre- 
@.A9. Cive tje ray 研 eory orpropagatior ar iaasers Prorg 严 opticalEPre: 
47zs- The ray optics approach is valid only in the zero wavelength limit- 
is found that extremely valuable for non-zero wavelengths when number ol 
the guided modes is large ie.. for multimode fibres. The calculation of criti 
angle and acceptance angle are based on ray optics approach. The ray op 
apPproach gives errorneous results when fibre is uniformly bent with a 
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radiss of curvature. Fibre then faces radiation loss. In fact two tyPes of rays 
caa Propasate in a fibre 一 
( 倍 Meridonal rays (ii) Screw TaysS- 


Meridonal mays are confined to meridian planes i.e.. the planes containing 


core axis of the fibre. Screw rays do not confine to a sinsgle Plane and follow 
a hejical type path along the 王 


bre- The above treatment of acceptance angle 
deaks the meridonal rays- 


Q.350. Namethe yariors type ofopticalJipres. Discress tpPe Siszza1ciistortiorz 
加 oprical ipre tpPe of opticalip 


( 玉 .G- 已 到，Jrzerze 2075) 
4nms. Refer the ans. of Q.36. 


Signal distortion in Optical Fibres - An Optical signal becomes 
of 和 distorted as it travels along a fibre. This distortion is a consequence 
can be expl _ dispersion and intramodal delay effects. These distortion effects 
Suided SR by examining the behaviour of the grouP velocities of the 


with modal dispersion or chromatic dispersion is pulse spreading that occurs 
of an optica&g e mode. The Spreading arises from the finite spectral emission width 
(SGvD 站 SOURCE This phenomenon is also known as SroupP Velocity dispersion 

wavelengtbh She dispersion is a result of the SrouP velocity being a function of 


n Si :Decause intramodal dispersion depends on the wavelength. its effect 
shwgnal distortion incre 
Spectral Nid 


ases with the spectral width of the optical source. This 
Ih is the band of wavelensths over which the source emnits light 
S wo main causes of intramodal dispersion are as follows 一 


Qtf the 2 PTaterial Dispersiom 一 Material dispersion arises from the variation 


causes Tractve indqex of the Score material as a function of wavelensgth. This 
pulse wavelength dependence of the Sroup velocity of any given mode that is 
Spreading occurs even when different wavelengths follow the same Path _ 

(iD) Wavegreide Dispersiorz 一 


a sinele 
simgle mode fibre Sonfines only about 


Sore. Dis 


the cladd 
ww 


Wavesuide dispersion occurs because 

80 percent of the optical power to the 
Persion thus arises、since the 20 Percent of the lisht Propagatins in 
ding travels faster than the lighrt confined to the core. The amount of 
”ssuide dispersion depends on the fibre design. 


Q@.57. Write SPzort maote oz prlsecl ctispersiom- (RR.G.PV, Jrere 20092. 2070) 

Or 
五 xplainz Prlse clispersiom im a step-imcdex ipre- (R.G.PY Dec. 2076) 

Or 
Discress Jipre cispersiorzr irz steP imzciex Fipre- (R.G. 忆 只，rerre 2077) 
Ans. A_ pulse of 1ight sent into a fibre broadens in time as 让 Propagates 
through trhe fibre: this_ phenomenon is known as Pulse dispersion- This 
phenomenon Occurs_ because of the diffterent Limes taken by ditferent rays 
Propa- gating through the fibres- The significance of pulse dispersion is、that 
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thc smallcr thec polse dispeyrsion thec Preagegr wm hrc sc pfeorTpoa000m 
Capacity of thc systcrm .The Pulsc _ received 要 1hc orztpmzt 03 从 
Pulsc as <hown in Tig. 4.2S. Dispereion is 1yPacaijiy rpeczastrexdj :; 


Per kilomectre (nskKmn). 


?impet 王 mmf 


Fnerty 


Time 


Fnergr 


1] 
oo 


Time 
1zer 7TTezrzsmzissiom 


正 吉 - 季 28 4 Series or Paulses Each or Hzdrpn 万 
了 Frores 天 I 瑟 ec Fipre 形 mrzerges das da Series or Prlses or Wap 三 (> 友 


For step-irzcdex Jipre，pulsc dispersion is given by 


AT = 2- - niL- 入 -全 
_ CC Pn> CC 
where L is thc length of the fibre travelled by a ray. 
For grercded-irrcdex Jipre， 
n2L ,> 
AT 一 二 在 
2c 
where. A== 有 一 沁 2 
Dm2 
For a typical fibre. nz2 三 1.46 (pure silica) 
A= 呈 一 "2 =001.ni =147346 
mn> 
AT = 50 xx 10 人 ”skm = 5S0 nsKm 


For stecp-indecx fibre. 


For graded-indcx fbre. AT = 0.25 nsknma 
Hence. we find that fora graded-indcx Pbrec thec pulsce dispersion is reduced 


by a factor of about 200 in comparison to the stcp-in. 
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六 二 届 


ee 


LESers T97 
准 开 Eees 的 weTeMENDI ed spPersion im OPfical Fpre 


(R.C- 关 中，PDec- 201O 
Lrc 


- An opPeal smal propagating rhroogh = 
re emeaecd The snai 


和 bre will get 
efinecd as the ratio of the 
RH TS Pomer ton a tihre of thc icngth L io the inPpet optical POwer- 下 
SEEed 口 人 cxhel Per kilormetre (dBAKrmn) 


CTIUDEINDT NS 


10 可 
L 了 


[ 


和 Power of opeical signal launched at one cnd of thc fibre and P。 
< 和 opexal stEnal cmerging from the other cnd of the fibre_ In 
Nical fbre P、= P， and he attenuation would be 0 dBAKrn_ 
Dispersion - Refter the ans_ of Q Si. 


Q3S3 Wiire shorr nore om 上 王 Jrererat Ioss mecjzamismz im ar oprical Fipre 


A fR.G. 已 V、Afarcj/4April 2010.、PDec- 2073) 

RS ae cccurring in optical fibres (glass fibres) rmay be mainiy 
QIhree mechanisrms、namely absc ion、Rayieigh scatteri and 

gcometnc effects ， rption、Rayieigh Scattering 


Was Absorpeion 一 上 vcn a highly Pure glass absorbs lshas in sPecifc 
waite vi6e Strong electronic absorption occurs ai UY waveicnsthx 
Wi 1oma1 absorption DOccurs at TIR wavelengths 7 to 12 hm- Thbese 
absorpri QOSSes arc Inherent propery of thec glass itscif and is calied imeriresic 
om . Howcver. 
nrInSiC osscs afTC 
nsignificant where fibre 5 
SYSstsrns operaac at present 


2 
mpuriucs are 3 mmnajor 19 


SOurse QT 1osses in fbrecs-. 


从 上 Absorption 
Hydro redical ioms OH)》 


s Peavx 


同 lafrared 

2 Asverpet 
and transition rnctals uch as 1 Ta 刘 frem 
Ce r、mici 人 stsice 
PPe icc1、chrorniurn 5 Traasitioay 
vanadium and rmanganc<c 
have clcctroenlhc aorpeton in 贡 
a pcar visiblc part of the 。os 二 

_ 人 > 
SPectrurm- heir Precscnce <atseriaz 
Catses bcavy Ions>e、 Meceal 3 
MOns TIUNI be Act to es 
CC 

shan aa Fecw prts Per hilton 


全 全 全 二 三 
Wavezths am) 


5 9 
2 《CMVYPerNY Gy ec、 han 


FIR. 29 A Tecel Po Fire -eerasacacicove 
人 eew Pearts Per Im Te Virsass Veryeieragei Ar ec Salee Ersec Opecel Fa 
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absorption of light cither through intrinsic or impurity process constitutes 
tmnsmission loss becausec that much cnerRy is substractcd from the 1ig 
Propagating Lhroush he fibre. The absorption losscs arec found to be a minimw 
at around 1.3 um- 

(ii) rcayieisghmn Scatferzrzg 一 Glass is aa disordered >tructure havir 
local microscopic varintions in density which in turn cause local variations ji 
refractive index. Lisght propagating through such a structure suffcrs scatterin 
losses. IUis known as Rayieigm scarrerirzg 1oss. Becausc Rayleigh scattering ; 
Proportional to 入 一 .it becomes important at lovwer wavelengths- 

Thus.、Ravleisgh scattering scts a lower limit on wavelengths that can b 
transmijtted by a slass fibre at 0.8 hm below which the scattering loss is very higj 

(iii) Geomzerric 巨 1jecrs -- These arc the fibre losses introduced durin 
manufacturing processes. Irregularities in fibre dimensions may arise in the fibr 
drawing precess. in coating and cabling process, or in the installation Process. 

.5 了 Discress variores 1Ppes or opiical ipres crad 1oss 17zecHG1IES11S 
oprical Fipres- (R.G. 己 K， .rrze 2017 
如 rmrs- Refer the ans. of Q.36 and Q.53. 


.55. LU1sirrg ray tpeory sjorw tpzat tje inzterrrzocal cisPersiorz 1iz11e Ti 
Iarel tpProrSsP a Step-irzdexr ipre or rerzsgt1 工 节 一 


4 -路 


c 人 xmzz 

Hzere myj Ga12CG 7 Cre re1jactiye iadexr or core arad clactcafirzg resPeciirely 71d( 

is 1IPe relocipy or 1isPz (CR.G. 严 K， .Jaarz-.[Frep. 2008| 
Or 


Derire arz exzpressiorz pr ray cisPpersiorz zyz 71zl11i7710ce steP iacder_FPDrer 
(R.G. 严 YY，PDec- 2072) 

rzs- Using the ray theory model. the fastest and slowest modes Propasatins 

in the step-index fbre may be represented by the axial ray and the extreme 
meridional ray respectively. The paths taken by these two rays in a perfectly 
structured step-index fibre are shown in fg.4.30. The delay difference between 
1ese two rays when travelling in the 和 bre core allows estimation of the Pulse 
dening resulting from intermodal dispersion within the fibre. As both rays 
?ravelling at thec same velocity within the constant refractive index fibre 
re.then ihe delay difference is directly related to their respective path lengths 
the fbre. Hence the time Laken for the axial ray to Lravel along a fibre of 


Ph L Sives the minimum delay lime Tin and 
Distance 工 ILnl 
Tmin 三 到 -.-(i) 
Velocity (cy/vnl) C = 


where、 Di = Refractive index of core. c = 3 x 108 my/sec 
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Cladding (n2?) 


下 is8. 子 30 
The extreme meridional ray exhibits the maximum delay Ume 工 。 whbere 一 
L/cose  Lnl 


轿 一 5 
2 cyVni ccose 
At the core-cladding interface using snells law 一 
E na 
sin 中 = 一 =cos9 
Ri 


_ where na = Refractive index of cliaddqing. 
Put the valuce of cos 9 in equation (ii). Then， 


Lni we 
下 max 三 cn2> ---(il) 
HRence. he dcliay difference At between the extreme meridional ray and 
the axial ray is given by 一 


At 二 【wen 一 下 win 
Lni “Ln 了 
到 1 一 上 = = 一 1 ProvedG 
cn> C G nz 


@.56. xpiairz imtermzocerl ciispersior。、 Derive expressiorz for IPme cdeLay 
Gifferermce to estimzate te mazacciryzreryz Prelse roadirzs irz rirmrze irz stePD Eracder 
| 乒 Ppre- (R.G. 已 凡 、，_Jrerze 20731) 
Arms- Intermodal Dispersion 一 A ray of light launched into a fibre follows 
different Zigzag paths. YYhen numerous modes are Propasatins in a fbre.、 they bravel 
with different net velocities with respect to fibre axis. Parss of the wave arrive at the 
Output before other parts leading to a_ spread of he input Pulse. This is known as 
interrmnodal dispersion. T does not depend on the Spectral width of the source- 
For 下 xpression 一 Refer the ans. of Q.SS- 


.57. Discress the appiicariorns of oprical Fipre.(R.G. 已 W, Juere 2009. 2075) 

Ars- Optical fibres were decveloped initially for use in cormmunication 
证 indusery. Subsequentliy、a large number of applications have been found in 
| other areas where fibres can outperform over the existing devices- 
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Enai jg 户 jzyrsi 
A few representative apPlications and uses are briefly discussed here - 
(1 fedica 一 One of the imPortant applications of optical fibre 
is in the fielda of medicine. A bundle of fibres (MMPJ) is used to luminate 臣 
areas in human body which are otherwjise inaccessible- 
In ophthalmolosgy. a laser beam Suided by the fibres is used to Teattac 
detached retinas and correct defects in vision- 
ln cardiologv. laser anSsioplasty is expected to do away with the ballocs 
angsioplasty and bypass surSery- 
fiz) 7Tmz fizirary 一 An aircraft. a ship or a tank needs tons of coppe 
wires for wiring of the communication equipment、control mechanisms 
instrument Panel ijlumination- etc. Use of fibres in Place of copPer wires reducs 
much weight and also maintains true communication silence to the enemy- 
(iiz) 7m 无 rzfertairzrrzerzt 一 从 coherent optical fibre bundle is used 乱 
enlarge the imase displayed on a TV screen. Conventional opPtical projectics 
systern is bulky and expensive- 


CC.58. Write dowm tiPe rotle or eac 严 D1ocK zsed tm OPIical Fipre 


comzmzttzicatiorz Sy7SIE7T77- (R.G. 已 ， .Junre 201 刀 
Or 

Descripe scjzemzaticalzy tiPe Fasic elermzerztoropricatLEBpercormzmILTiCaHOF 

SSTETTT- (R.G. 已 V，PDec. 207 


4ms. A simplified block diasgram ofa simPlex optical fibre cormmunications 
link is shown in fig. 4.31. The three essential primary building blocks are 由 < 
transmitter. the receiver. and the optical fibre cable. The transmitter is comprised 
of a voltage-to-current converter. a light Source. and a source-to-fibre interface 
(light coupler). The fibre guide is the transmission medium. that is either 了 
ujltrapur 8glass or a Plastic cable- II may be necessary LO add one or mo 
regenerators to the transmission medium- depending on the distance between 
the transmitter and receiver The regenerator Performs the function of light 
amplification. However the signal is no actually amplified: it is reconstructed- 
The receiver consists of a fibre-to-interface (light coupler)， Photo detector 
and a current-to-voltage converter- 

In the transmitter. a digital or an analog signal can be uscd to modulate the 
light source. The voltage-to-current coOnverter acts as an electrical interface 
between the input circuitry and the light source- The light source js either az 
infrared light-emittins diode (LED) or an injection laserdiode (ILD).The amouni 
of light emitted by eitheran LED or ILD is proportional to the amount of drive 
current. Hence. the voltage-to-current converter converts an input Signal to : 
curent which is used to drive the light source. The light outputted by he lighi 
source is direcUy proportional to the masnirude of the input voltage-. In essence. 
he light intensity is modulated by the input sisgnal. 
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Source-to-fibre Seerece 
coupPler such as an optical 所 
Jens- is aa mechanical 0 
inrerface whose function is interface Transm itter 
to couPle lishr emited by 1 CARE 克 

和 二 二 ee = 一- -PetE 贸 AL 
the Jisht source inro rhe AR TS 9 多 Source to 
optical fbre cable. The TVeltage to 工 ight 半 本 

Current Source Jaterface 
Converter 多 
Cable 


opPptical fbre is made of a 

Sass or Plastic fibre core 
SUrrDund aa claddi 

nded by a cladding Optical Fibre Cable 

Si 息 ma 


and then encapsulated in a 
入 egenerator 
| AASRRRRERT 了 AR 人 让 ee fo 
工 igbt Voltnge 
Convyerter Saw 


Protective jackeL The fibre- 
ro-lishtr detector-couPling 
device is also a mechanical 


coupPler whose function is Fibre to 
to couple as much light as 车 DELECLer 
Possible from the fibre cable 区 二 本 < | 
into the lisghr derector ceiver AAA 
In seneral. the Jishr 时 
Interface 
Destination 


derectorisa PIN (p-IyPe- 
inptrinsic-n-rype) diode-. 
人 FTzB- 陈 了 7 至 [pc 大 DitxSs7ezr7z Q 矿 0 FzZDre 
phototransistor AU three Corzzrrzri7zicizitzO723 DZ 
of these devices convert Jightr energy to current Hence、a current-to-voltage 
converter is required ro Senerate an OutPut voljrase Proportional to the original 
source information. The current-ro-voltase converter transforms changes 1n 
detectorcurrent to changes in volrase. Analosg or disgital interfaces are electrical 
interfaces that match impedances and sisnal Jevels _ between rthe informaton 
source and destination to the input and output circuitry of the opPtLical systcrm- 


NuwmeERicaL PobLEms 


Pro8.2. 4m STopticaljipre ordiarrzzeter 535 17z 1zcxs C 11111E7TCCL CDPErIIrC 
o10.23. Jr ijpe warelerzgtjn or iaprt lg 1 0.82 rzz，cteter7zi1ze zze 1172Pe 矿 
(R.C. 忆 中 ，Dec. 2073) 


OF 如 


of mode of thpe caple. 
S2 
a= 一 =275hum=275x10-6m 


SoL Given， 


Numerical aperture (NA) = 0.23 
Wavelength (入 ) = 0.82 hm = 0.82 x 10-6 m 


Number of modes of the cable, 
V-= ?me(NA) -= 2x3142x275x10-6 
一 xx023 = 48.47 Ans- 


082x10-6 
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上 


Prop. 了 For ar opricar 1ipre javirRg core re1racrfive inder 1.55 anl 


cierctcfirrS reracrive irzcdexr 了 
(i) 


-.S0，、calcrriare 一 


Crifical argelec 


(ii) ATYavirrrrrrz amRtie or re1racriom e- wii wjzicPa a ray errfers 到 用 re 


SoL Given、nl 三 


1.SS and n> 三 


(R.G- 已 炎 ，4APril 26 擂 
1.SO 


(iD The critical internal anglec 
n2 _1sS0 _ 
sin 中 。 一 二 一 0.96774 
本 中 - = sin-1 (0.96774) = 7S.4” At 
ii sin 9, = cos 中 。- = cos 7S.4” 
Sin 9 一 0.2S21 
9- = sin '(0.2521) = 14.6。 从 
Prop. 也 4 SIass ciaa ipre jzas ciacicdirz 


万 acriora7 reFractive iazcdex or0O- 


cz7zETIe- 
SoL Given、 


and 


nz 三 Cladding refractive 
A = Fractional index 二 


B refractive incdex 1.49925 cmd 
0005. Derterrmzirze tPe Critical irzferralreflectios 


(R.G.PVY，Dec. 2014 


index = 1.49925 
0.0005 


We know that, A = 2 
1 
0.0005 = | 二 1.49925S 
ml 
0.0005 ni = nl 一 1.49925 
ni 一 0.0005 ni = 1.49925 
0.9995 ni = 1.49925S 
1.49925S 
Pil 三 


0.9995 = 1.5 


The critical internal reflection angle、， 


中 < 一 


二 | 运 
Sin 二 | 2 
Dil 


ProD-5. CaicrlLate tiPe mmzaxipyzzezyz 有 
7127 一 了 .53，ziz2 一 了 7-3 Operatirzg czt ave1e 


SoL We know that， 


For single mode 五 


sin | :49925 
人 
15 = Sin (0.9995) = 88.2。 


LS 11ovwapie for a SM Jre 
mstjz or 7300 72771. 


( 尺 .G.P 六 Marcju/4pril 
Tcd 上 
和 o n 色 


bre V-number is 2.405 


2.405= 一 工 xd 


1300x1025 yasa5z asz 
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Pre5.G6G、Cetlcrlare re mayerical apPerttere (NA4) amd mimTzLITT 
acecePrtearrce amRSle or err oprical ipre 万 ormz Icec JPp1Ioreing cara 一 


Ar = 1.55 aead Ap = 1.50 
玻 jear are re ralres oO mettrmzerical Pertrere (NA4) czc TCRETTTLITZ 
CCceprtazce 1TRLe merz Iae ipre iepr im mater (Frv = 了 3 了 3) 2 
(R.G. 己 凤 Jrerre 2007，20735) 


SoL Numerical aperture (NA) is given as 


NA = Van)2 一 na) 
V(155)2 一 (150)2 = 0-3905 Ans- 


.Acceptance anglc eu = sin-I(NA) 
= sin-! (0.3905) = 22.99” Ans- 
According to the gucestion bw = 1.33 
VD)2 一 0u2)3 _Vad552 一 (150)2 ass 
和 Numerical aperture 三 -”  ” 汪 人 一 卫 
“ 一 ! VHP 一 Hz = sn-1(02936) 
and max. acceprLance anglc em 三 SID SR 一 Sin 
坏 
67m = 三 了 7-.07” Ans- 
Pro5.7. Calcrrlazte 11e rzti11te7TCCL CDPe7tzere Liz1ziZ CCCePiaTzCe CT12SZe 1Dr G7z 
opfical ipre，BZPe7Z ZX re1juzctzipre zzcexr arpe core cad ciurctitzirzS Cre 7.A5 
1.340 respecttyre 信 . (CR.G. 己 Frerze 2077) 
SoL Numerical aperture (NA) js given as 


NA 


VD)2 一 (uiz)2 


惟 
= V/(dL45)2 - (1.40)2 = 0.377 Ans- 
ie 
Acceptance angle = Sin- (NA) 
光 = sin-1(0.377) = 22.14。 Ans- 


(此 Prob.8.4 step-inderJipre zs mazade Hitzz a core orirzder 7.52,，a diar7zeter 
29 pm and a Fractiomral dfferemzce zader or 0.0007. 天 礁 operatecd at 
werelength of 1.3 1 Firad te ipre T-rzzr1zBper azcdt te 7zrr1zper oF mazocdes 
he 铠 re will support. (RR.C. 已 中，Dec. 2008) 

SoL Given, nil= 1.52, d = 29 hm = 29 x 10-6 m 
A= 0.0007. 入 = 1.3 um = 1.3 x 10-6 m. 
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一 < 下 


一 由 
入 二 2 一 一 2 
ni 
贡 1S2 一 nz2 
5 0.0007 = 2 
”= x 0.0007 = 1.52 一 nz 0007 = 1.5189 
mi.52 一 1.52 关 0. 4 


和 2 
Vv ~ 3142x29x10-6 52)2 一 (15189)”= 4.05 A 


13x10-6 
am 
ss mumber 三 二 ae 本 = Vz2 机 1 x(4.05)2 一 820 = 8 modes Ag 
ro 一 2 2 和 全 
-< 人 Step- iacdtex ipre ia air jzas 7V4 o 矿 0.TG6, a core rejfjactireindaf 


0 Core zze 1zze 7zOr712G1ized 万 eguerlCy Jor 押 
7e rp7zerz 1iep 1G11zeter OF 60 1011 Deter77z52e 1 


az at a wparelemgtja or 0.9 Hz 让 1rarlsm1aittedL (RCI Se 和 
SoL Given. NA 0.16. d = 60 hm = 60 x 10” m 
入 = 0.9 hm=0.9 x 10 Im * 
The normalized frequency of the fibre is given by 
0-6 
vv Td (NA) - 0 
入 0.9x10 
忆 roBp.70O. 1zat are optical ipres 2? Explaizz Po 8S1ass ipre guides 1 人 
-万 ozrzz orze errc ro tize orper Defirze ccceptarzce arzgle or al opicaljJibre. 
人 Sass clact jipre is maeacle mwitpa core 8i1ass orre1iactire iader15and 耻 
CeczrczczirzS zs coPpPec to Sire .Jactiorzal izzdexr dfjfererzce or 0.0005. Find 引 
cTCCEPtezrzce c1z8le or src1z ipre- (R.G. 忆 YY， June 20 山 
SOL Refer the ans. of Q.33 and Q.43. 
Let the refractive index of cladding be nz2> 


xx0.16 = 33.5S Ams 


= 两 王 :9a 
nl 
0.0005 = 巧 一 nz 
15 
训 na2 = 1.4992S 村 


Let the external critical acceptance angle be eo 
人 
罗 了 3 
。 ni 一 
2 


no ”where no =1 
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65 三 sin-f yo 一 o】 


sinr1 [(1.5)2 - (1.49925)>]I2 = 272” Amns- 
Prop.71. Oprtaimn te V-mrnmzper cad 11U111Der OF mrzoces StPPorted Py 民 
step-inmdexr optical Jibpre jnarirg core inder 1.43, cluddirzg inder 17.3406 cxzd tpPe 


SOLrce WarelergtPn 1 2 Dr7z- 


(R.G.PVY，Jrrrze 2070) 
.Sol Given. 
Core refractive index. ni = 1.48 
Cladding refractive index. nz = 1.46 
and VVavelength. 入 = 1.2 um = 1.2 x 10-6 m 
Consider d=:4hm =4x10-6m 
The V-number is Siven by 


Td 本 
宇 要 1 2 


区 x4x10-6 
= VCGL48)2 一 (146)2 = 2.539 ”Ams- 
12x10- 
The number of modes supported by step-index optical fibre is. 


1 o 】 
N=  V2 = (2539)2 = 3.22 = 3 modes ”Ans- 


Prop.12. A _ Paultirmrzode Fipre jas a core dianmzeter or 70 Lorz arzd tiPe 
relative refractive iadex differemce or 1.5Ppercert 1operate artPe warelerzSt 严 
of 0.85 nm. Te refractive index or tpe Fipre iM 7.36. Calcrtlate 一 
(iThe refractive index or ipe claddirzgs 
(ii) The nornaaliz<ecl Fredremcy V-IatDiper or tpPe 矿 pre ca7zG 
(iii) The total numzber of gruided modes in tpe 太 pre- 
(R.G. 己 人，、Jrerze 2073) 
SolL_ Given at 
Reftractve indaex nt = 1.46 
da =70 hm=70 x1oe mm 
A = 1.S%o = 0.015S 


和 o = 0.85 hm = 0.SS 10s mm 


(人 “Refractivc index of the clnddinsg 一 
直 征 一 人 2 
站 

1346 一 nz 
0.015S 三 136 

s= 1.46 一 nz 

和 -ae6 - 146 x 0015 = 1.43S1 wii 
205 
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(GD V-Number, ] 
-看 
rd 2 -342x70x1C _ 14602 一 (1438D2J2= 65.19 Ans。 


V= 一 
0 时 一 本 085x10-6 
弛 Number of modes， 

N = 了 V2 二 (65.19)2 = 2124.87 = 212S modes Ans. 


PropB.73. 4 5 1 了 Iaser Beamz Passes IFror81 26 Kxz ipre orioss 0.2 GBPB/ 
Kmz。、Calcrlare tpPe power al Ie ortprut erzdL (R.G. 已 中，JJrerze 2073) 
SoL Given, initial power Pi = S mW 
Length of fibre L = 26 km 
Fibre attenuation ao = 0.2 dB/km 
The fibre attenuation Q can be defined as 

CQ 三 下 1o: 忆 ; 
对 & P。 二 过 示 
Now, putting the given values in equation (iD)、we Set 
o2 dBmem = 10 ia SmyV 
2 
SmVWV 
10log = (0.2 dBMkm) (26 km) 
吕 机 


SmW 
Po 


2 | 

Prop.7 子 Haris mieaA1l DY accePpiarrce age orFarz opiical ipre 2 Dertve 
G11 epressioO1z_JDrLE OpiricalPpomer ar7 四 于 三 Larrrcjzed zzio arz OPpiical1ipre 
ar iergi1r 700 11z. It1e Pomer ezerBi1zg .oz 11e ofer ed 1 0 了 了 72 更 
calcrelare 1re Jipre atrerzmaiiorz- (KR.G. 忆 KK，Dec. 2077) 

.SoL Refer the ans. of Q.43. 

Given. JInilial launched power Pi = LI mVV 

Length of fibre.L = 100 m = 0.1 km 

Output power P。 = 0.3 mVV 

The fibre attenuation (co) is given by 


0.52 


log 
Ans- 


CQ = log | (i) 
工 取 2 
Now putting the given values in RE (D，we get ， 
E= 了 1 = ) = s2.3 dBmm A 
0OT 98L03x105 臣 泛 
爸爸 k 
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ELECTROSTRTICS IN VRCUUM 


_ CALCULATION OF ELECTRIC FIELD AND ELECTROSTATIC 
POTENTIAL FOR A CHARGE DISTRIBUTION; ELECTRIC 
DISPLACEMENT, BASIC INTRODUCTION 
TO DIELECTRICS 


.TI. War do yor mzearz By scalar arzd vector GgLGTIIEIEeS ?2 


4rms. Vector analysis is a mathematical tool with which _ electromagnetic 
concepts are mocst conveniently expressed and best comprehended. In the 
Study of elementary physics,. we come across Several quantities such as mass， 
temperature, velocity, acceleration, force and charge. Some of these quantities 
have associated with them not only a magnitude but also a direction in space， 
whereas others are characterized by magnitude only. The former class of 
quantities are known as vectors and the latter class of quantities are known as 


scalars. To distinguish between a scalar and a vector it is customary to repPresent 
一 
a vector by a letter with an arrow on top of it such as A and B . or by a letter 


in boldface type such as A and B. A scalar is represented simply by a letter 一 
e.g.,A,.B,U and V. 


.2.W7rar is mazearmt Dy zi vector ?2 


4nms- A vector A has both magnitude and direction- The magsgnitude of A 
is a scalar written as A or IAIl. A unit vector aA along A is defined as a vector 
whose magnitude is unity (ie.,1) and its direction is along A,. that is 


人 
^ IIAI A 

Note that laAl = 1. Thus we may write A as 
人 A=AaA 


Which completely specifies A in terms of its magnitude A and its direction aA- 
A vector A in cartesian coordinates may be represented as (Ax, Ay, Az) or 
Axax + Ayay + Azaz 
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and the unit vector along A is given by 
REAyay 二 和 oa 


aA 三 
RARAS 2 


QQ.3. Dejirre te terzmzs Posifiorz arzd cfistarrce yectors- 


Mrs. The position vector rp or radius vector of point P can be expressed 

as the directed distance from the origin O to Pi.e.， 
rp 三 OP=xax 十 yay 十 Zaz ) 

The position vector is useful in defining its position in space. 

The distance vector is the displacement from one point to another. If two 
points P and Q are given by (xpP, ypP. zZpP) and (xaQ， yaQ， ZQ)， the distance vector 
or separation vector is the displacement from P to Qi.e.， 

rpQ = rQ 一 TP 

一 (xQ 一 xP)ax+(yYQ 一 ypP)ay +(zaQ 一 zP)az ..(ii) 

CC.4 Defirze dor arzd cross procdrect. 


4718. The dot product of two vectors A and B can be expressed as the 
product of the magnitudes of A_ and B and the cosine of the angle between them. 
A.B=AB cos6AB 
The cross product of two vectors A and B， written as A x B. is a vector 
quantity whose magnitude is the area of the parallelogram formed by A andB and 
is in the direction of advance of a right-handed screw as A is tured into B. Thus 
Ax 了 =ABsin 9ABan 


@.5. WTzte sjzort mmote oz static electric iezcdzs. 


4ms. We are familiar with the gravitational force field associated with 
matcerial bodies by virtue of their physical property known as mass. Newton's 
experiments showed that the gravitational force of attraction between two 
bodies of masses ml and ma2 separated by a distance R，which is very large 
compared to their sizes、 is equal to mlimaoG/R2，where G is the universal 
constant of gravitation. In a similar manner. a force field known as the electric 
field is associated with bodies that are charged. A material body may be charged 
Positively or negatively or may possess no _net charge. In the international 
system of units that we use the unit of charge is the Coulomb, abbreviated C. 


The charge of an electron is - 1.60219 x 10-19 C, approximately 6.24 x 1018 . 


electrons represent a charsge of one negative Coulomb. 


Q@.6. WTite s1ort mzote or Cor1orzD5S za (R.G. 忆 YY，PDec. 2070) 
Arms. Coulomb's law states that the force between two very small objects 
Separated in a vacuum (or in free space) by a distance, which is large compared 
to their size, is proportional to the charge on each and inversely proportional to 
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the square of the distance between them-. It is cxpressed in the form as， 
F=k SiSz 
R 
where Qi and Q:，are the positive or negative quantities of charge、R is the 
distance between two objects and K is the constant of proportionality. If SI 
units are used, then Q is measured in Coulombs (C). R is in metres (m) and 
the force should be in newtons (N). This will be achieved if the constant of 
Proportionality k is written in the form as. 
5 (iD 
4 Eo 
The new constant eois called the permittivity of free space and it has the 
masgnitude measured in farads Per metre (F/m). that is. 
eo = 8.854 x 10-12 F/m -.-(iii) 
For Coulomb's law the quantity eois not dimensionless- The Coulomb s 
law is now obtained in the form as, 


_QIQ> ---(iv) 
4TE0 有 R- 

In order to write the vector form of the 
Coulomb's law, we require the additional fact 
that the force acts along the line joining the 
two charges and it is repulsive. if the charges 
are alike in sign and attractive if they are of 
opPposite sign. Let the vector rl locate QI) 
while rz locates Q2>. Then the vector Ri> = 
r2 一 ri represents the directed line segment Origin 
from the charge Qi to charge Q-， as shown Fig. 5.7 Herz To CHzarses C7 
in fig. 5.1. ar1zd CO jzarve ZLIKe .Sisrzs Rerz 

The vector F2 is the force on Qa2 and it e Vector 天 orce 下 om Ca is 码 
is shown for the case where Qi and Q: have tpPe Sarrze Directiorz as pe 


(Newton) 5 


下 = 


the same sign. The vector form of the Vector 尺 J> 
Coulomb's law is expressed in the form as、 
QIQ> 
下 2 三 2 au 
4TEo Ri1> 
where al2z is a unit vector in the direction of Ri2-. It is expressed in the form、 
及 T> 一 工 
az= 到 己 一 [ 定 一 ---(viD 
Ri> rz 一 Ti 


The Coulomb's law is linear. The force at a point charge due to Cwo or 
more charges may be vectorily added. 
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@.7. Opriairz aforrmzrla foriPe erectric ielcdl imztersiby alorg tne axis ora 
Maiforz7z 1irze cjrarge or 1erzgt 庆 了 T1ze rziforrmz 1irze cHaarge cerasity 1 Dr 
AIzs. The electric field caused by a continuous distribution of charge can be 
obtained by integrating the contribution of an element of chargc ovecr the charge 
distribution. Let us assume an straight line charge extecnding along thc z-axis in a 
cylindrical co-ordinate system from -- = to co as shown in fig. 5.2. We desire the 
electric ficld intensity 下 at any and every point resulting from a_ uniform line 
charge density pL. The symmetry 
should always be considered first in 人 
order to determine two specific factors 
such as with which co-ordinates the 
field doecs not vary and which 
components of the field nre not present. 
The answers to these questions then 
tell us which components are present 
and with which coordinates they do 
vary. From the fig. S.2、we realize that 
as we move around the line charge 
varying 中 while keeping P and z 
constant、the line charge appears the 
same from every angle. In other words. 5 3.2 Corztripretior ar d 巨 = dEr-ar+ 
the azimuthal symmetry is present and GE- ar to IPe 歼 1ectric Field Taztersity 
there is no field component which may Prodrced By arz 天 1errzerl or Cjzarge <dC 
vary with 中 . = PrG-' ar a Distarzce =' 万 omrz tpe Ori8 训 
If we maintain P and 中 constant while moving up and down the line 
charge by changing z. then the line charge still recedes into infinite distance in 
both directions and then the problem is unchanged. This is axial symmetry 
and it leads to fields which are not functions of z. If we maintain bb and z 
constant and vary P. then the problem changes and Coulomb's law leads us to 
exPpect the field to become weaker as P increases. Therefore, by a process of 
elimination、we are led to the fact that the field varies only with p- 
From the equation of the field at a Seneral field point r = xax 十 yay 十 Zaz 
by expressing 及 as r 一 r" the expression is obtained in the form as, 
ECr) = ee 全 -GD 
4FEo 工 一 2 FT 一 ri 4 eojr 一 
AppPlyins equation (i) to find the incremental feld atP duetothe incremental 
charsge dQ = ptLdz. then we obtain. 
证 ---Gii) 
4KFEo 工 一 


whbere r ==yar=pap:r=zZaz'r 一 工 王 Pap 一 Zaz 


(0.0,.z”) 
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Therefore, we can write the equation (ii) in the form as, 
pLdz' (pap 一 Zaz) 


dE = 本 )372 ..-(iii) 


4 Enp (p2= 十 也 
Since only the EEp componcnt is present、we may simplify the above 
equation in the form as， 


PLPdz 
是 ， = 
pP 一 4E (Pp2 寺 227)35 
E = 所 PLpdz” 
时 一 4rceo (p2+z2)3/2 


On integrating by change of variable z = P cot 9, we obtain the expression as， 


_ _pL 1 
P 4reo |p? 


忆 


P- 十 Z 


Sa 
It can be equivalently written in the form as、 
E。 = PL 
2 so P 


.8. 4 cjrarsged rirzg or racdirs 避 " carries Ga rntiformz cparge cistriprriorz- 
Derterrrzirie tpe electric Jiela itemsin' al arzy Poirat orr Le cris- 


rzs. Consider a charged ring of 
radius `"a” with uniform charge 
distribution lying in the xy-Plane and 
having its center at the origin、as 
shown in fig. S5.3 We have to find out 
the electric field intensity at a Point 
on the Z-axXis- 

Let us divide the ring into a large 
number of segsments So that the 
charsge in each segment can be 
considered to be a Point charsge located 
at the center of the segment. Let the 
segments be of equal length and 
numbered 1.、2、3、.…- 2n、as shown 
in fig. 5.3. Then the electric field Fi8. 5.3 Deterrzzirmzariom or 天 Lecrric 
intensity at the point (0. 0. z) due to Fiela Dre io a Circriar Rirrsg o 矿 


the charge in the 种 segment is given CHzarge or LUriforrz Dermsity 
by 
Qi 
一 一 -3 
“二 和 R3 
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where Qi the charsge in the jh segment and Ri and 3Rj are as shown in 


和 
figure. Since the charse is uniformly distributed、Qji is the same for all j and is 
equal to the charge density times the lenagth of the secgment. Thus， 
Q Q 】 2rra ] -大 
J \ 人 2ra 八 2n 2n 
Furthermore、since the point (0. 0. z) is along the axis of the ring, it is 
equidistant from all segments so that Ri is the samec for al1 j. Hencec， 
汪 2 
Rij = Vz2 +a2 
Now'. from symmetry considerations、we note that for every segment 1， 
2.、3..…… n, there is na corresponding segment diametrically opposite to it in 
the other half of the ring such that the electric ficld intensity due to the two 
Segments together is directed along the z-axis. 
Hence Edue to the entire ring is given by、 
mn 2Q 
[E]o.o. > = 六 二 (CaRij-az)az 
亡 1 4 e0 Rij 
hn 有 7 
， ee j j 记 
到 二 cos oj az 三 了 和 3z 
1 2 Eco Rj ji 2 so Rij 
t 史 
广 Qz Qz 有 
377 3z 三 2 2、32， 3 
人 4 E0 (Z 十 a ) 


所 4T <0 n(Z2 十 az2) 
@9. Derire exrpressioms Jorelectricjietd intersioy' cue tos1eerorcjrarge. | 
AS An another basic charge configuration is the infinite shcet of charge 
having na uniform density of ps C/mz2. Such a charge distribution may often be 
used lo approximate which found on the conductors of a strip transmission | 


line or a parallel Plate capacitor. 
Let us place a sheet ofcharge in the yz-plane and again consider symmetry 


和 


as shown in fig. 5.4. 

First we observe that the 
field cannolt vary with y or with 
Z and then that the y and Z 
components arising from 
differential elements of charge 
syYmmetrrically located with 
respecl Lo the point at which we 
wanlt the field will cancel. 
Therefore only E、is present and PGx,0, 0) 

this component is a function of x ” 
x alone， Let us use the field of Fig. 5.4 4m 1za1inaite SHneet or Cjzarge itpe 
Jz-Piarze 


the infinile line charge by dividing 
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the infinite sheet into differential width strips. One such strip is shown in 生 g- 
5.4. The linc charge decnsity or charge Per unit ljength is pl = ps dy' and the 
distance from this lince charge to our general Point P on the x-axis is d = 
Vx2 浊 y'2 . The contripution to E。 at P from this differcntial width strip is 


then obtained by the cxpression in the form as. 


Pdy P< xdy" 
dE， 三 一 -一 一 一 <os6 二 3 之 六 5 
2 eo Vx- 十 y 一 2 so x +y 
On adding the effects of all the strips, thc expression is obtained in the form-. 
Be= Fa 全 -Ya =| sean-: ] = 了 s (ii) 
27 E0 -一 X“ 十 y 一 2 <0 xj ， 2eo 
If thec point P were chosen on the negative x-axis, then 
Ps 
Ex 一 一 误 “ 1 
Ex 2 e0 


for the field is always directed away from the Positive charge. Usualiy this 
difficulty in sign is overcomec by speccifying a unit vector 3aN which is normal 
to the sheet and directecd outward or away from it Then we can write the 
expression in the form. 


CC.70. 1ite comrz 1Pe yatlres or ipe etectric ielcl imterrsity ia a case oO 太 
PoOirit，Lirze，SHeert Gd OUUTTIe Cargse cerasity- 

47mxs. Point Charge 一 ForQ at the origin of a spherical 
co-ordinate system (see fig. S.S). the electrical field intensity 
at an arbitrary point P is given by， 


也 = 二 ar 
4TCEOT 一 
This is spherically symmetric field that ftollows an 站 
inverse-square law-. FiB- 5.5 


Line Charge 一 In the line charge is distributed along a _ curve (line)、 
charge dQ over the line produces a differential electrical fiecld 


d dE 
加 二 人 > 
4 <o R 
The total electric field at point P is 
已 = 国 PaR ,dl 
4 天 so R Fig- 5.G6 


where, aR = Unit vector，Ppv = Line charge density. Q = Charge element- 
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H should be emphasized that in all three of the above charge distribution 
and correspondins integrals forE. the unit vector aR is variable and depending 
on co-ordinates of the charsge element dQ. 

Sbeet Charge -- In sheet charge. charge may also be distributed along a 
surface or a sheet. The differential charge dQ on the sheet produces a differentiaj 
ecjectic field 

dtE= ES 
4 <o R- 

In fsS. 5.7 see point P._ If no other charge is 
Present in the resion and the sheet charge density is 
Ps (Crm2). then the iotal electric field at point P is 

E= | PsaR ds 
S4r eco R 

Volume Charge - In the volume charge is 
distributed along za specified volume. In volume the 
intcgration is then requjred to obtain the total electric 4 
field and ejectric charge in its smallest division to be 天 | 
an proton or electron and a charge density define as @ 

pe dcynma 
dv 

In 人 8g. 5.8 volume v are each differential charge 

dQ produces a differential electrical field do = pdv| 


do 
4 e0 R2 时 1B. 5.8 
Jn 有 g. 5.8 observation point P Consider that thec only chargec in the region 


js containced within the volume,thctotal electric field at P is obtaincd by integration 
Over the volume 


3R 


卫 = PaR 二 dv 
v4 Eco R 

@.11. 4 circrlar riag or radirs 人 ?7 
CarTiesy Ga IDrri cparge 记 CJzz arad 性 
Placed om X-YPplane mwitp coxis samte CS Z- 

CE8.、 Wiat are ipe yalues or 尼 arrd 厅 ? 
4nms，Assumec the System for 
determinethe valuecsofEand H as shown 

im 厂 8. 5.9. 

The ejcctric field intensity due to 
chargc distributions Pr as the summation 
ofthe fiejd contributed by the numerous 
Point charges making up the charge x 


FiB. 5.9 
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distribution. The cguation js given below 一 


姜 = Bt 二 二 证 
14TE0OR- 
In thjis case 
d[=ado 
及 = a( 一 ap) + ha 
及 = 1 及 1= [az + bg ax 三 去 
aR  R 一 aap 十 haz 
人 R”  IRE [az +h2]3/2 
Hence Pi [2r (一 aap 十 baz) 
一 4reo |。 [az 十 h2]J372 ad 


The contributions along ap add up to zero. This is evidecnt from the fact 
that forevery element d/ there is a corresponding element diametricajly opPosite 
that gives an equal but opposite dEp so that the two contribution cancel each 
other. Hence we are left with the z-compPponent ie.， 

Piahaz 三 ae= Piahaz 
4reo[h2 +a2]22 -0 2eo[p Fa“ 


dIEI ”pia | [h2 +a2]3/2() 一 3/2(h) 2h[h2 +a2]12 
dh 2E0 [hz 十 a2]3 


五 = 


For maximum 瑟 ， 9 王 0，which implies that 
[h2 + a2]!2 [hz + az2 一 3h2] = 0 
a2 -- 2h2= 0 
恒 
h = 土 一 一 
V2 


QC.12. Write sjaort mote or electric PoterziicL 

Ams. When an clectric charge is placcd in electric ficld. it experiences a 
force on it. The amount of work donc in moving a unit Positive charge from 
onc point to anothcr point dcPnnes thc potcntial difference between thc two 
points. If a unit chargce moved form P to Q (fg. 
5.10) wherc PQ = d/, d/ bcing a small element 
of length along path P2> and Pi, then the work 
done is given by， 

dW = 一 了 dlcos6= 一 .d7 十 Ve 

The necgative sign shows that the work has Charge 
been donec against the _ electric field. Thus thec 
work done in moving a_ unit charge from P2 to 大 iB. 5.70 
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Pi is -- 
= 下风 E.d1V 
P 户 


Therefore the decfinition of potential difference 中 (P) - 中 (P2>) betwcecn the 
point Pl and P is the work required to move a unit charge from P2 to Pi, i.e.， 


e(P)-elpa)= -全 Edarv 


IUis shown that the work done is independent of the path chosen. 
If we move P: to infinity we can consider that it is at zero potential. 


-9(PI = 局 E.d V 


Above equation defines the absolute potcntial or potcntial at point Pi. 
Thus the absolute potential defined as the amount of work done in moving a 
unit positive charge from infinity to P, against the electric field. 


Q@.13. Determzine ie poteratial JiemctiomLfor a Lirze cjzarge P cmzz of 1erg 绩 
呈 From this determzime ipe electric ield 克 directty (R.G.PY，Dec. 2009) 


Anms. Let a charge q be uniformly distributed over a rod AB of length/. 


The line charge density on rod is P = 的 cm. For a line charge of finite length, 


as shown in fig. 5.11，we can not construct a Gaussian Surface Over which 
E.ds is constant. Gauss's law is therefore not useful here- 
Consider an element on rod of length dz' at zZ from 
mid point of rod. The distance r from this charge element 
to the point P(0, 0, z) along the axis of the line charge is 
r=Zz 一 zZ，Z> 了 
The electric potential at point P due to this element is 
王 ] dq 
4reo Z 一 2 
But charge on small element dz at distance Z from 
the centre of the rod is 


dq=p dz' 
-1 pdz 
”4reo Z 一 2 下 18. 5.77 


|q 
Now the potential function at point P due to entire line charge can be Q 
obtained by integrating above equation between the limits of z from z=- 必 


andz= 十 /2ie.， 下 
P p 1/2 PpP Z 十 1/2 | 
二 一 = 一 上 [mmz-mz 一 | 
V 47Eo 二 /2 Z 一 忆 FE 2)]-va 4 eo 四 zZ 一 1/2 :各 
7 
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The 屯 fceld at Pis thc negative gradient of V with rcspect to thc unprimecd 


和 field coordinatcs. Hecnce、 
_ -dv _ 本 
厂 = 一 2z 一 3z 也 二 


”dz ce NT 沪 | 攻 


C.7 也 Derzre c1z erpressiom_pr ze ne CL CI1UY POP cttee ro cx PoirzZ 


carge- 
41zs. Let us considcer a point chargc Q at point O and unit Positive charge 


be moved along path C from P: to Pi (fg. 5.12)- 
Pi 
9(P) - 9(Pa) = 一 下， Ed 


Now 
五 = Q arvd(= dar 
4 ecor dr=dlcos6 
.…。 了 卫 .d7 = Q 了 dlcose 
4 EoTr 一 
From fg. 5.12 in triangle PQOR， 站 
dr= d/ cos6 ou 一” 
二 通 古 = 一人 4 2 ?> 
| 4 区 Eo 下 1B- 5.72 


户 
| . _ -一 泡 本 克 [9 有 二 
… 中 (PI) 一 (P2>)= 二 | 冯 电 枚 一 : 后 本 


When 记 0 
5 中 (P) = 


C.75. 1zat is electric cisPiacerrzerzt 2 


咏 


4 <o 口 


| 一 上 
| 4rzs。]D 、a vector quantity which measures the quantity of charse AQ 


Per area_ element AA displacement by electrostatic induction. The magnitude 
of the displacement equals the surface charge density G. In a vacuum、the 
orientation of the displacement vector coincides with the direction of the electric 


field strength. SI unit of the electric displacement D is Coulomb/square meter- 


CC.76._ Deripe te expressior or electric .Field inside ea cietectric- 


47zs. When nonconducting materials are Placed in an electric field.、 they 
modify the electric field and they themselves undergo appreciable changSes as 
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aresult of which hecy act as stores of electrical chargcs. When chargc Storage 
is the main function. the materials are called cfrelecrrics. For a maltcrial to be 和 
Sood dielectric. 1 must he an insulator Hecnce. any insulator is a diclectric. 下 
dieiectric may be described in terms of the energy band structurc. 

The intermal field Eis defined as the electric field acting at the Jocation of a 
given alom. is Siven by the sum of electric ficlds created by the necighbouring atoms 
and thc applicd field. The effective ficld intensity Ei inside the diejectric is given as 

E;=E+E 

The value of E' calculated by the summation of all the cffects of surrounding 
atoms. Let us considera one dimensional solid consisting of a string ofequidistant 
identical atoms each of polarizability as shown in fg. 5.13. 


一 
上 


了 


Fi8. 5.73 
Let us consider an extemal field applied in a direction parallel to te 
string. The dipole moment induced in each of the atoms of the string is given by 
hind = Ce Ei 
Thbe field at A due to the dipole induced in an atom located at a distance 


na" from it is given by. 
一 1 1 
En 4 一 2 | 
区 <0 | (na)” (na+d)- 


Ze 5 一 (na): | 


(na)j>(na 十 d)” 


_Ze | 2 nad +d2 
4rso | (na)*(na+d) 


1 
| 
| 


(Since d<<ng) 
Er (Since 由 =Zed) 


人 | 


OF 2reo (na)> t 
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有 i 


2 元 和 0 fna)3 】 
the parenthesis takes jnto account thc atorns 1 the Je 全 


孔 = 也 十 


太一 


The total ficld FEi 3 Ajs givecn by [ 下 
己 1 
肥 


The factor 2 in 


| and to the right of atom 人 - 记 ; 本 时 12 Hi (了 
E; = 互 十 3 3 子 一 到 十 3 和 
部 区 Eco a” ?af 反 
uation (i) where the paumbcr 


Si 5 和 imjlar to ecG 
The general express1on for E; is very sirni 人 
density N of atoms replaces 1/a3. Since Ni = 了 then cqGDatOP (人 becomes 25 


Ei = 五 十 二 
0 
where Yis the proportionality constant which is known as internal 和 cid Comstamt- 
The value ofYis dependent on the internal arrangement of storms in the dielectrC- 
) C.T7. 已 cpiairz tjze ter77z dielectric 1oss- 
Or 


er /oss inmz cierectric- 
to A.C. voltage. the electrical enerEy 
d in the form of heat. This dissipationm 


OPtairz tPe expressiom OPOr 

41zs. When a dielectric is subjected 

,is absorbed by the material and is dissipate; 
of enersy is called dielectric loss- _ 
A.C. voltasge- there 1s DO 


When a perfect insulation is subjected to 
and the charging current lead the apPlied voltase by 


um and purified gases. But in commercial dielectrrics- 
| the leakage current does not lead applied voltage by exactUy 90”. The Phase 
ansle is always less than 90?- The complementary ansle6=90 一 昌 is called tbe 


ngle. In most dielectrics the ansle 5 is nesativeliy small- 
和 


consumption of energy 
”90?. It happens only in vacu 


| dielectric loss a 


Fig. 5.14 shows the relation between the 二 本 aa 
apPplied voltage and current for a capacitor- If the | 
| dielectric is Perfect the current leads the voltase 三 
by 90" as represented by OA and OB respPectively- s 
If the dielectric is not Perfect the current will lead 
the voltage by an angle 6 which is less than 907. 
The dielecrric Power loss is Siven by : 
了 二 WEGOSG 各 了 
) V Applied Volrage 一 
三 V sing Fie- .73 Diasrarzrz for Perfecrt 
C Dietecrric azzd Jpr a Dielectric 
) ==V2.2TfCasin5 好 nrirzs Dielecrric LDOss 
= AV228CGtan5 (sin 5 = ran SG because b is very small) 


Here. tan G is called the dissipation facrtor of the dielectric. Lis defined as 
1 了 了 、 S ee 
Ihe dielectric loss expressed as the tangent of the angle between LUhe reactance 
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Nylon 606 


Bakeclite BM 


Glass(Corning 
0010) 
Porcelain 
No.4402 


@.21. Wjnal 这 miearntl py 1oss Iarigemtl as rejferred to polar dielectrics ? 


(R.G. 忆 Y，Jrune 2003) 

Ans. When a diclectric subjected to an alternating ficld then the diclectric 
constant is represcnted as 四 

Pr 和 je' 
where imaginary part of dielectric constant gives rise to absorption of ener 外 
by the material from altcrnating fiecld. 

To show the absorption of energy by imaginary Part consider na paralle ， 
Plate capaciteor filled with material of diclectrical constanl 汪 Let the fiel ， 
produced by an alternating voltage source be EocosCL SUPPOSC ML givel 
instant the charpge per unit area of plate is 土 Q(U. Since hc Tux density ji 
numerically edual to chargc density. we must have D(U = Q(U. Also. since 由 


CU Sity ji 到 i 
Trent density is equal to JU = 冲 、 we may wrItc 

dD 1 

J((U = 着 1 


On he other hand he relation 
field，Eo cosot may be expressed as 


: ee ja 
D(U = Re[sog;Eocjm]= EDE0 Re[erey ] 
As we know that e: = gf1 一 jg .Thereforc.current density becomes 
JU = soEo Re[(e， 一 趣 : jjoc 邮 ] 


oeoEu[e， coscot 一 Er sin ol] 站 
The imaginary part of this ecquation、e，determinces the componenl of 
eurrent which is in phase with he appliecd ficld and Er determines the Out 
phase component of current leading to applied ficld by 90 degrees. That meal 
aeondenser contuining na lossy dielecuic may be represented by am eduivale 
circuit which consists of na pure capacitance and a parallel resistancc. Then， 
is customary to _ characterize the losscs of a diclectric at a certain frequcen 
and (temperature by the so-called loss tangent tan 1 5 definecd as 


5= sr/e' 


，-tectric fiux density.D(U and clectn 


as | 
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Thbe physical meaning of 5 is that if thcre arc no Josscs， E- =O and the current 


density is given by oOenEoe; COS(COX 十 9(P ) ，oeo c7 
ic.，current leads the Peld by 90? at this 人 一 
condilion 9 = (0) and if there is 3a Currcnt 
coOmIDOnentin Phase with the field, the resulung 
current will notlead the ficld by 20Pput py 2( 三 
人. Fig, 5.17 shows the relationship between 
the ficld vector FE0，the current Vector 
COE0Ey EU which Jeads the field by 90?” and Eocos mt 一 一 
the current vector oE0E;Eo which is in phasec Fig. 5.77 
with Uhe ficld. 


@.22. Gine tine applicatiorzs Of dielectric- 本 
May. Some application areas of diclcctrc arc 人 0 
Re 
include optical, electrical and magnectc ER 、 etic 
and 6piaal propertics of material arc Jargcly 全 
| (ii) Terrrzey 4PPUEccLEOAS 一 Thermal 2aPP IC: : we eat 


0 rconduction. Heat tran、 
rs 二 -is by convection 9| RES 
transfer whether the heat transferis by ection is obtaincd by thec movemerF 


co crEo 


is needed j | Tony 5 
sneeded in heating and in cooling. 人 heat flow from points of hig mt 
of a hot nuid and conduction refers to 从 而 浊 &her 

居 鼎 rz > in 局 ee 
emperature to points of lower 抽 硬 Re iee refers to thc storage of ene 
-erey Storag ， SrRy 
(iD) raerey Stordge 一 Ener2y av Occur considerabl 本 
for specific ee b ise the energy generaton ”7Y before 
Ne CCaUSC 
he ener ee 人 
he energy usage， ee refers to the Storage of data usi 
， ata stors RS ti z ] Sin 
fr) Dara Storage 一 Data plosion of information that reduires to > 
X C 


Viiri CC 
antous types of memory. With the 
demand- 


Inee， 12 is 1 1 
ed， data storaae is in high 


汪 PROPLENM2= 
NURERiCAL 9 are sitreatecz / 

Arop0.1. Two Poiral cjnargBes oO0.7 有 2 [aocne COREe Oree 
ve 人 9 L 扣 | 7z 
ee al (2 3 06) and (0 0 O. Calcr (R.C- 忆 TY，Dec. 2005 

Re. 
| SoL vector force， 人 
| E= .QIQ> Ri2 】 (2 3， 6) Frig. 78 (0.0， 二 
| 4reolRizP\IRI21 
| Force acting on 0.7 mC charg5- 十 (3 一 0) 3y + (6 一 0 ai 


-6 
E = 7x10-)(49x10 了 


4ro(J 瑟 + 本 + 


一 0) 王 x 
芭 75 有 +62 
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(07x10” MX49x10<)， [2m +3avy+Gay] 
革 


4xa3i4xRSS4x10-12 <49 7 | 
F = QOS9912a、+3av+Goayrl 
FF = (0.18Sa、+0.27av、 +0.S4ay)N | 
Probh.2. 4 sheet of nnifprm chnarge P, = 2 Co is presenr oftP 二 ， 
x=3inrec specc arnd a Line charRge Pi =207mCV1TT AS Locared af 工 = 了 二 = 
Find magmirzradec or eleccrmic Jield inarerasiy ar 尸 (450 
1R.G. 已 VDec. 2002 (请 .) MaVJ1une 绚 睛 
SoL Given that. Pp, = 2 nC/m:z and pl = 20 nC/m 
Point P (4. S. 0) 
Bicctnc fcld at point P (4. 5. 6) = Electric ficld duc to P、+ Electric Eee 
duc io Pi 
We jnow that E is given as 


下 = d 312 
一 和 En 
2x10? 20x10-? | (4 一 Dax+(6 一 4) az 
“ 本 二 且 本 和 
下 0 VJG4-02+(6-4) 
间 2x10”。 20x10-?2 23az | 
本 2r so V13 


= 112.94 a、+ 299.60 a、+ 199.74 ar 
= 412.S4 a、 + 199.74 ay 


总 1B) = Jalas4 +(199.74)2 = 45S8.3S V/m 内 胃 


Prop.3. 4 semri-injinite linne exfemding 厅 omml 一 ce IO 0 alomg tae 0 
Carries Ga usijorm charge disrripuriom or I00 mCV71- Firrd tje elecrric jia 
imatemsity cf 尸 10. 0 2). 1ra charge or JPC is placed ax: calculieare re Jor 
CCTIEPR om 江 (R.G. 尸 内，Dec. 2008 

Sol _ Electric ficld intcnsity duc to semi-infinite uniform line charge.is Sivent 

) pyrdz 
开 = | 4 呈 r 二 


> 3 
4 ED 《T2 帮工 ”六 


”> 户 
”4reor 


bere pi = !100 nCym 


得 r 


r = 人 0-02+(0- )2 二 (0O 一 2) | 
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The change in V from point M to N is obtained in the form as， 


V 7 : 
dV = dx 十 2 dy 十 9 dz … 人 二 
9x 9y DZ 

Now the del operator (V) operating on V gives the expression in the form as, 
9V 9OV 9V 证 
VV= ax 十 -一 3， 十 3 (加 ) 

9 ”2 
i can bc equivalently written in the form as、 (iy) 


dv =VVvdr 
The vector field VYV is called the gradient of the scalar 包 
obscerved thatforfixed ldrl the change in V in a given direcuon dr 
to the projection of VV in that direction. Thus VV lics in the 


maximum increasc of the function V. 
宣 了 Vs z)=C3 


inction V. JILis 
is proportional 
jirection of 


1 MIx, yz) 


NIx+dx,y+ dy,z+ dz) 


fa) Comncepr or Gradiienmr 个) Egripotertial oO Cr actie71f 


Fig. 5.19 

The gradient is obtained by allowing the points Mand NIo liec on he 5 
equipotential surface V(x. y. z) = Ci IUis shown in fgE. S19 (hb) Then 
dV = 0. which implies that VV is Perpendicular to dr. But 
equipotential surface realiv for a suitahlc location of AN and 1 
tangent throuah M. Therefore VwV_ must be xiong the surface norrmall : 
Since YY is in direction of increasing V. it points from VIx.Y.、 7Z) = Cl 包 
VCx. yz) = Ca where C、 > Ci The gradicnt of a potenual funcUuon 1s YccIOF 
field which is everywhere normal to thc cduipotcntial surfaccs. Directy 1rom 
that in the cartesian system the gradicnt in the cyiindncal and spherical co- 
ordinate systent follows. Noted that each term contains the partial derivattives 
of V with respect to distance in the dircction of hat particular unit vector， 


is 1120 


rePmre、cI 


隆 DV 
有 三 袜 av +Say 二 (Cartesian) 
= V av 人 
TV = 了 ar 十 3 ae 十 了 3 az (Cylindrical) 
V 二 
DV 本 3 ae (Spherical) 


LVV= 南 ar+rae*e rsin639 
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It must be remembered that the del operator is defined only in cartesian 
co-ordinates- 


、_2-25. Steate arzd Proye ipme divergerzce ipPeorermi、 Discress its reses- 
(R.G. 忆 YY，PDec. 2003，.Jrrze 2007) 
Or 

,State arzd prove ipe Garess'y divergerzce ipeorerrz(RR.G. 天 中 .Jrere 2077) 

4rzs. Statement -- The divergence theorem states that the volume integral 
of the divergence of a vector field A taken over any volume (V) is equal to the 
surface (S) surrounding the volume (V). 

“The divergence theorem states that the total flux crossing the closed 
surfacec is cqual to the integral of the divergence of the fiux density throughout 
the cnclosced volumec”. 

Proof -- To derive the divergence theorem.、 lct us suppose an arbitrary 
volume (V) in an clectric ficld region and divide this volume into a number of 
infinite volumes AVI. AV2.、 AV1、 bounded by the surfaces SI,，S2，Sa， 
...., respectively. Then appPlying Ga law for the electric field in the integral 
form we can write the cxpression in the form as、 

cv.D)iAvi= 生 D.ds+ 人 上 D.ds + .Ci 
了 一 起 

In the limit that the number of the infinitesimal volumes tends to infinity, 
the lef side of the equation (i) approaches to the volume integral of V.D over 
the_ volume (V). The right side of the equation (iD) is simply the closed surface 
integral of D overthe surface (S). since the contribution to the surface integrals 
from the porlions of the surtaces interior the surface (S) cancel. Thus we 
obhtain the cxpression in the form as- 7 


人 ev.pdav = 人 pas .Cii 


The expression shown in equation (ii) is the civergerzce IPeorerz. 人 lthough 
we have derived it by considering the D field. IJn genecral it can be derived for 
any vector Tield A in the form as， 


大 太 .dS 二 人 cv.A)av 


Where V is the volume bounded by surface (S). The divergence of the 
iux decnsity throughout a volumec leads to the same recsult as determining the 
net 有 ux crossin& the cnclosing surface- 

Uses 一 (iD) The divergence theorem uses to any volume (V) that is boundecd 
by surface (S). 

(ii) The direction of dS is always that of the outward normal 
Perpendicular to the surface dsS zand directed away from the volumec- 

(iii) The divergence theorem helps us in replacing a surfacc intecgral 
by a volume integral- 
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0 | 


Q@.26. Wjat do yor mean 久 7 divergence ofa veclor Jield. 

4nS. The divergence of a vector field A is its integral over the closel 
surface bounded by an infinitesimal volume divided by that volume as 当 
volume shrinks to zero ie.， A.dS 

divA= Lim 衬 一 一 一 
AV 一 0  AV 

where AV = Volume bounded by the closed surfaces. 

Imay be shown that div A = V.A in rectangular co-ordinates. 


| 


0 9 9 
V.A = 忆 取 +ay 汪 +az 引 (Axax + Ayay + Azaz) 


90A 
- 9Ax ,0A 9Az 
ox 9oy bz 
Q@.27. Exrpiain im Brief curl of a rector Jie 忆 
4nxs, Let us consider a small contour C 
centred around the Point P of interest so that 
C encloses a small area element dS = 1udS. 
Herehisunitvectorandis shown in fig.5.20. - 


The curl of A at point Pis defined by 
the relation given as - 


人 A. 
curlA= Lim <C_ Fig. 5.20 
AS-:0 AS 
Curl of a vector is 
whose magnitude is the 
of the point of interest. 
Curl of a vector in Tectan 


5 1 ion and 
a Vector whose direction is axis of 让 
limiting value of the circulation integral per 


gular co-ordinates is given as 一 


curl A =VxA 
加 9A> 9Ay DA 9A， ar -az 间 
vxA= 人 从 元 at y 二 区 [一 -四 


Curl of a vector can be written in the form of determinant -- 
ax ay az 


0 0 0 
人 
AR 太 w , 友 


A vector whose curl vanishes is called irrotational, 


由 
28. Cire IJ1e pjpsical signiricance orgradient- 本 pergenice a11d CU 
(R.G.PW Dec. 2003) 
475S. Physical Significance of Gradient ~- Consider a scalar function 9 
which represcnts temperature、 then Vb or grad. b will represent temperatu 
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edgradient or rate of change of temperature with distance. Hence、although 
he temperature is a scalar quantity having magnitudec only, the temperature gradient 


V 中 is a vector quantity having magnitude and direction both in the direction of 
maximum rate of change oftemperature. This gradient vector can be expressed 
im direction ol .oordinate axes x, y, and z in terms of its components 9 中 /9x. 
5/oy, and 9/9z and the resultant temperature gradient is the vector sum of 


ihese components 一 
RE 站 2 
Dx 9y Dz 

Likewise,， if scalar function represents electric potential or gravitational 
potential、the V 中 would represent electric Potential gradient or gradient of 
zravitational potential respectively- 

Physical Significance of Divergence 一 When some Physical entity is 
zenerated or absorbed within a certain region of field. that region is called source 
Dr Sink respectively and when there are no sources or sinks in the field. the net 
putflow of the incompressible physical entity over any part of the region is zero- 
However, the net outflow is said to be positive if the total strength of the sources 
are greater than the total strength of sinks and vice-versa- 

At each point, divergence of a vector function A Provides the rate Per 
hnit volume at which the physical entity is issuing from that point. When the 
vector A at a Particular point (say X) represents fiow of heat and when V.A 
is positive at X. then at point X either there must be source or heat must be 
leaving the point X so that temperature at point X is decreasing. Likewise, 计 A 
daesignates velocity of a Piuid and V.A is positive at a point X. then either there 
must be source of fluid at X or the density at Point X is decreasing. Thus, for 
an incompressible fuid (like water) of non-zero value of divergence at a Point 
X represents the rate at which the fluid is being gained or removed at point XX. 
So, this gives the measure of strength of source or sink at point X. 

However， in case there are no Sources or Sinks in some portion of the 
incompressible fluid, then the divergence is zero at every point of that region. 
Mathematically, if 

V.A = Excess flow of outward flow over inward flow、i.e.. divergence 


of fluid. _ 
Then 
V.A= Excess low of inward flow over outward flow、i.e.. convergence 
of 人 uid. 


Thus, the name divergence is derived from this interpretation- 
So, the divergence of a vector field A on mathematical basis can be 


iefined as the limnit of the net outward fux A、 人 :as Per unit volume as 


he volume dvV enclosed by the surface S approaches toward zero- 
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CC. 30._ Seatfe amcd ProFre 人 ExpPiair SroKeS [ 帮 ecorerrz- 
f{R-C. 尸 只 ，PDec- 2002. 2003，20034，20735) 
725。Staterment 一 Stokes theorem statecs that the surfzace intesral of th< 
curl of a vector 和 cld A taken over any surface S js equal to the line intecgSrajl of 
A round the Periphbery C of the surface- H relates sa surface inicEral to 3a ciosed 
iine inteSral- 
RMazhermmaticaiiy- 
立 二 入 )Gs = 
起 ; ) 把 A-G 


Proof 一 Consider a surface S as shown in 在 E- 5.21. Let us divide the 
strface S bounded by closed curve C intio area dSi. dS-. GdSs- erc- For cach 


Giftferential arca we form 玫 A.dGI . When ail inteSrajls arc adGGedG- the 


cmnts (GSi andG dS>) cancel each other. becaose :hbev 
cpposite directions in adjoinings differential areas- 


coniribotions frocom the common boundarvy of any rwo 


地 了 一 本 于 3 
于 中 Re 站 -dz 

The dec8inition of curi of 和 is apPjlied on thbe lecf banG 
side of caGuation (1) we have 
-站 Ad =(YxA)dsi 上 (了 zxAjds> 二- 


5 


ent dS;- dS-> .in the Positive contour C- Theref 
2hz hzndG side of eqgualion (iij) can be wTitten as 2 


Tv aias = 拒 入 -Gd 
S C 


RuwmERrcaEProbiews 


Pro5p.5. Deterz7zirze rtFe crergerzce oO IFe .formirns rector Feias arrcG 
EVAIztCtE ztPerz7z CE BiVe1z 记 Dirzts 一 
(2 人 =Pz sirz9 ap 十 了 pz3 coOS9 ao:adl 三 了] 


7 和 =2rcorecosgar+trj[zaecar| 工 至 .于 


“全 
(R.G. 已 CQ、Dec. 2006. Jere 2009) 
SoL (个 Here Ap = zp sin 9: Ao= 3pzzcoso and Ar=0 
A DA 1 污 
Now 本 
pap pae 人。 
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人 
zpsig+zsin6+p3pz 人 


V.A= 9 
一 3zZ2sing 
V.A= ip 09+Z5iD 29 
人 _『 夭 jf26D 一 2X 切 ] 
“和 9[2z-3z= 5 人 2/ 
上 
As 二 2rcosecosoar+(Di2ae 
玉 站 z 
= 立 cos 6cos 6 
s= (frjl2 
本 二 下 : 沽 ， 娩 0 1 3 
-AAA= 2 ~ : 一 人 ( 
全 2rcos6cose) + rsin 6 3 rsinb 罗 用 
寻 
Te 斥 = 二 352(2 cos9cosoej+0+0 
至 
ARE 
本 xjcosfx] -= AN 
6/) 和 
7o5.6. Find mhe dirergence cf 号 e rector rmctio 一 
sor =xGej=Czyj)2ay 上 24r272= 275- 
Given_ the vecaor function zs 


本 22。 2 2 
2y 直 忆 多 xz 十 (XY) 3y +24x2y22j 


We D 人 A = x23。+(xy)28v 二 24x2y2z353z 
crEence of vector fpncrtion 立 -和 


se 一 = 


+ x22y + 24x2y23z2 = 2x + 2x2y + 72x2y272 好 


Pro5.7 Find V2111r) wjerer= VJz2+y2 二 -2. 
SoL WE Epow thz 熙 

二 国民 天 二 

7r/ ax” ay azz2 三 r 

az 1 工 3 本 2 
去- 一- = 二 上 二 1 遇 

机 rr 一 一 了 

mm 咏 FT QQze< 开 
SS _ 


232 Scanned with CamScanner 


外 中 
| 
M 以 
| 
| 
M 4 站 
加 电 
Q 网 
一 


1 

| 
本 
局 
11 
9 WwWw 

| 
电 

| 
| 
四 
w+ 
|w 
| 


Similariv。 we can Eee the remaining Part of equation (). we Set 
v2f 1 2 一 于 人 3Y2 一 下 2 3z2 二 2 
YL 人 
工 工 工 


= 七 [xz +3y2+3z2 一 3r2] 
二 ratxz 十 y 子 工 过 ) 一 3rz 一 二 [3rz 一 3r2] =0 。 Ans。 
区 rs 


Pro5-S、Prore rat 一 
吕 x(r 吕 xz 厂 )= 隐隐 ) 一 VE 古 
oz 天 ere 到 1 G FectO 矿 Je 过 
SoL Taking 了 JSCS- 


(3 _ 2 sy( 至 - 强 -faFy ax 
环 人 区 天 天 vx|s.( 过 到 + 一 3 


) 
兴 | 山 x 
Qu 


D: 
DF， DFv ( 9Fx _ 9Fz = ) 9Fy DFx 
(地 ” az az ax 妈 - 权 | 


ak- 台 ]-[ 生 -到 | 
ax| 喜 二 Dy Dz Dz Dx 


小 
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2 2 D2F， 
全 沁 9-Fz 9 了 区 2 92F， ， 汪 
zar2 ay oz By axaz 记 
2 2 92RF 2F， 9 

a |9EFz ,9 有 了 本 PR ,证 
| azoy 9xoy Doy; 9xoz 记 

2 ia 9 || aFx ,95 ,中 

= -V + 二 和 引 隐 十 光 十 

an = -V-F+VIV.F) 

Vx(VxF)=VCV.F) 一 V2F Prm 


Prop.9. Derive maatjzermzaficalegrafioms for8gradienzb curIanddinergt 
im Spjerical and cylimdrical co-ordirzate SySter1S. 

SoL_ Mathematical equation for gradiant，curl and divergenctj 
spherical and cylindrical co-ordinate system -- 

Gradient - The unit vector are designed by 站 ， 和 and 2 the gradiantm 


be written in cylindrical co-ordinate as 


V、 ov >、 ovV 
VV=gradVv = = 一 p+ p 示 9+ 江 | 
9p ”po 
The three components of the gradient in spherical co-ordinates am 
9OV。、 9VA 1 69V、 
VV = gradV = 4 抽 = 一 一 一 虽 
9r r06 rsing 9 
Curl - The three Daea Smponents of curl are 一 


要 | 9Az 3A 
VxA)， = 一 一 人 
环 0 pa Dz 
~、_aAp ja 1 
人 人 
(V Xx A)o 元 
区 1 
FF 3Ap | 
(YxA)z=P 入 Ab -2 
The three spherical Polar components for the cunl of a vector af 
遍 se | 过 | 。 汉 
(YX rsin6| 96 Sin6A 中 一 
we 
区 
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1 95A-_ 1acAo) 


十 计 
一 = ---(V 王 
(YxA)e rsin6 Do r ”Dr 本 
1| a ,  、 aA， 下 
= Ae) 一 
(VxA)o 因 二 6) 3 (viii) 
Divergence 一 The divergence in cyclindrical co-ordinates is 
届 基 三 二 RE 二 2EEAaDe2eSEex (ix) 
P ”op Po9o DZ 
The diversence in SPherical polar co-ordinates. is 
9 1 9 1 OAo 
一 六 = in 昌 Ae) 二 
3 本 到 C 虽 寺 6 色 rsin6 Do 


Prop5.70. 天 zirzcd electric Fiela 太 voltase (TY) 地 一 
(人 允 = 关 8d 风 (iT=2. 庆 办 z2 
ZIVotatiorzs are CS LSILCGL (R.C. 已 到，Vor/Dec- 2007) 
SolL (i) IfV=r9. 中 
We know that，the relation between electric field (人 E) and Sradient of 


voltage (V) is given by 


Or 


235 


王 = 一 VV 
忆 关 十 os 
本 ar rr ra8 8 rsin63b 9 


D 区 到 D 
二 民 (Cr.9. 中 ) ai:- 十 6 (Cr-6. 中 )ae 和 和 - ET e. oa | 


9 
9. 士 - 
--| 中 ar 十 中 ao -ae| 


下 =-[e. ar 二 中 se 十 9 cosece ae] Ams- 
(ii) If V = 2.r 中 .z2 


站 | 登 s* av ia < 司 


2TT 省 世 


本 1 9 天 D 司 7 全 
= 运 (2.r. 中 .z2) 下 二 趣 (2.r. 中 .zz )ao 十 二 (2 司 
= 十 cez>i 十 一 1-rz?)ae+re4zaz| 


豆 去 -[C-9- 卫 ) 二 十 (2.z2) 全 二 (4r-.z Saz] 
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SoL Curl grad @ are identically zero- 
二 


aa 
Vxve= 人 村 zy 3 
ao 台 a 
ox  oy 0z 
-il|ae_ ae afae_ ae1:afaz 到 
XUaoyoz 5 ax9z ”axaz Dxay ay 
=0 
and divergence curl E are identically zero 
V(vxE) =0 
We know thalL 
了 村 引 ( 计 R 1 (二 
忆 _ 二 <“'_。|9Fz DEFz| -|aF DaF 9Fy 9 
VxE= 一 可 要 Z _Cx y 巧 CO 
宇和 
F。 F， F。 
7 (CC 9 - D - 司 
Then Yw< 下 -=( 坟 + 总 ay+a] 
9Fz _9Fv 二 aE。， 5aER aE， 5 
和 本” Dx Dy 


二 952F， _ 了 下 azR 2 已 _ az 下 


十 
It is cjiear that both 时 oo Zero 和 ayaz 5 2 
VxVoe= VCvVxE)=0 Prove 
ProB.72. Srare Stokes 研 eorerrz and er rpe samre Jor a rectorjieldli 
= Ge + 了 2 Gy oryer the rat surfazce 2ornded By /0 0， 01. [0.7 01 /0 了 1 
人 以 (R.G. 忆 KK，Dec. 200 


SoL Stoke's Theorem _ Refer the ans.of Q.30. 


Here sgiven. F = 二 x 填 zy28、 
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xx 且 y az 
5 品 品 
VxEE 二 Dx ay Dz 
] YY 0 


1 
cv xF).hids= cv xx 下 ).8 vdy dz 
入 


z=0 y=0 B(0. 1.6) 
1 1 
-| jy?.daydz C(0.1. 1) 
oa A10. 0.0) 
1 < D(0. 0. 1) 
= 一 人 dz 
z=-0OL ”0 Fig- 了.22 
果 1 _ 
一 一 go 二 一 坟 二 
Now. assume ABCD be the given surface as shown in 全 SS- 3S.22- 
Now 了 :Gd7 一 《会 x 十 zy28v).(dxax +dyay +dzaz) 
= dx + zy2dy 
一 版 FE.dz 十 小 王 -d7 ns 
end 人 加 
Along AB.x=0 一 dx=0.z=0 
Ed = 
AB 9 
AlongBC、 x=0 一 dx=0 
=1 一 dy=0 
FEF.dz = 0 
FE.dl 一 
er 艘 = = 
Along CD x=0 一 dx=0 
y 一 1to0 
Z 一 1 四 
E.dz = y-dy 
0 ” | 
Or 二 2dw 三 一 
人 


ea 
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和 本 


DA.、x=0 一 dx =0 
Alons y=0 一 dy=0 
Ed =0 
DA 
Put all these values in equation (ii). we have 
一 1 


From equation (iD and (iii). we have 
ads = |E.d7 
臣 (VxEF).na ds 有 玉 吕 
Hence Stoke's theorem is verified- 


GAUSS THEOREM, CONTINUITY EQUATION FOR 


CURRENT DENSITIES 


Q@.37T. Expiain Garuss Iaw im poinr orzr- 
Or 


Descripe ie Garxsss Iaw-. 
ns. Gauss law states that the total fliux emerging from a closed surfas 


S is equal to the charge enclosed by the surface. Mathematically. 
下 p.as =Q 


where Q is he total charse. The 
surface Over which the integral is 
taken is called a Gaussian surface. 

In fig. 5.23. lelt Q represent a 
point charge situated with a closed 
surface S. Let P be any point on 
the surface containcd within a 
small surface element of area dS， Fig. 5.23 Charge CQ anrd 47OU1A 


and D be the nux density. Thus， Surface or Volurrre TY 
Q Q 
D = eo 正 = e， ar = 
0 0 4 eEo r2 T 志和 ar 


Flux passing through the element area dS = D. dS 
The total Tux is obtained by integrating his expression over S. 


L 由 = 丰 D.ds 
Q 长 汪 K _ Q 
”从 4mr2 ads= 村 仆 吉 上 4 -5 


5 . 厅 
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But the solid angle subtended at the Point charge by the closed surface js 4 工 - 


四 dk2 = 
5 由 本 工 
Q 
o 理 去 x 4 = Q 
If the surface does not enclose the charge. then 
区 
丰 aq =0 


Hence the total 人 iux emerging from the surface will be zero- 
Itis assumed thata volume distribution of charge of density pv is contained， 
then the Gauss'"s law may be expressed as、 加 


大 D.ds = 人 pwv dv 5 
We know that from divergence theorem. 
vv.Dpav 人 D. ds :ii 


V 
By using equation (i) and (ii)、 we get 


人 v.Ddv =- 人 pv dv 


This holds for any volume what so ever. As the volume considered is 
reduced to an elemental volume, this becomes the Point relation， 
V.D=p。 
This is the alternative statement of Gauss'"s law. 
@.32. Defirze Caress Lam rse it io Firmd etectric imazterzsity at a Poiral 
Zyirzg at a ciistarzce 民 Jrorrz 人 rz irzFirzite straigjat pire rmifporrmzty c1arged 
rs Fig. S.24 shows a charged wire of radius R with a_ charge of pr 
Coulombs per unit length surrounded by a Gaussian surface which is a 
concentric cylinder of radius r. 
By symmetry D is everywhere radial. 
Applying Gauss's law，, 
站 D.ds = prz 
S 


f p.as 反 人 p.as+ p.as+  p.as 
top bottom sidcs 
Now 2. ds =0 
top 


Angle betwcecen D and dsS is 90?. 
。 cos 90? = 0 


L D.ds =0 


bortom 
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The statecment of Gauss"s law becomes， JP US = d59 
fp.ds =  p.ads = Jp.as 
Sidecs | 本 
plL.L= <eo 也 (2rrl) ， 5 
二 PL 45= 4 
2 也 = 2r Eeo r | 


In vector form， 


瑟 


Gauksian 
Surface 


FriB- 5.24 
@.33. State Cartss Li，rse 过 to cteterryzirze electric zelcl zirztertsity dueb 


PL 
2T Eeo rr 


LE PLDprzrz Srrfezce cjzarge or irairzite size- (FRR.G. 严 从 ，.Jrerze 2002，200) 
15.、Carss 1 一 Recfer thec ans. of Q.31 for statecment of Gauss law. 
A closed surface S Uniform Surrace of 


is drawn in the form of Cn 全 0 

a rectangular Parallelc- 

pipecd which is extend- 

ing cdually on cither E = axEx 

sidcs of a Planar chargc 

as dcpictecd in fg. S.25. 
Symmetry of the 

infinitecly cxtcnsivec 人 窟 ae 

charge recquircs that 巨 Surfaces 


must be gcncrally 了 
away from both sidcs 时 

of thc chargc as 呈 
illustrated in 人 gure-. 


FiBg. 5.25 Caressierz Ciosed Srrfezce EPE Caiom 
je. Srer1azce CFarge 


卫 =+axEx and 五 = 一 3ax 焉 x 
Flux emanates only from the ends Si and S> of the Parallelepiped. If S is 它 
cross-sectional area of the Parallelepiped. then on apPlying Gauss'"s law we obtain- 


dS = ak 


大 ps.dS = 全 as 池 RE.ds 
(Positive sidec) CNegative sider) 
Egg 人 (Exax)axdS + eo 点 CaxEx)C-axdS) = 人 psds = psA 


whbere A is the area of the ends of Parallelepiped- 
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eo [Ex]Jas+ eo Exqas 吉庆 s 思 
<soExA+eoExA =psA 
2soExA =PpsA 
2<oEx =Ps 
站 Ps 
欠 2 E0 
Now，writing this in vector to include the HPelds on both sides of the 


planar charge distribution，wec obtain 
卫 =Exaxx>0 


and 卫 = 一 Ex axx<0 
Ps 本 
Thereforc， 卫 = 十 2 co ax and 卫 三 2 蔡 汪 3ax 


Obviously clectric ficld to either sidc of a uniform, infinite Planar charge 


is everywhere constant- | 。 
CQ.34. Stare CI11C1 CDLCETT CTCLLSS 的 Zizm- Perzre er 权 2 
0 有 bpPOLrerze cjzarge cderzsity 
ala Poirat rasicte c Solicdl sp1zere apirzB PE1EDrz7z 2 2 
4nms. Gausss Law 一 Refcr the ans. of Q.31. 
Potential at a Point JInside a Solid Sphere Having Uniform Volume 
5ity 一 Field from a Charged Sphere 一 The 厂 g. 5.26 Shows 有 
Charge ce of radius a carrying 3a total chargc Q uniformly distributed 
spherical Sur 2C Itis required to determine the ficld from the chargcd spherc. 
over the 全 distributed ovcr thc spherce. Thercfore the ficld depends 
The chargc 1S 人 el co-ordinate rtaking thc origin at the centre of the sphere. 
Only 站 thec 遇 训 本 have only radial comPoncnt because any othercomponent 
The cjlcectrlc 有 


> of the Gauss"s law- 
disturbs thc 有 at which field is to be evaluated as the concentric 
We select tnc : 


ain the expressions as， 
Jius r. We then obtalin 
sphcre of radius [ 


Q ，for r>a  .G) 


站 村 Gaussian 
二 作 Surface 
ivalently written 3aS， 


Charged 
Sphberical Surrace 


It can be cqu 
Q ，for r>a (iD 


47cr2Er 二 村 for r 一 3 


Therefore， 
Q forr>a (ii Fig. 5.26 Peterrzirzatiorz or Field 
PE arged 
E, = 4 匹 EO 工 了 三 半 万 omz < Carged Spjzere 
0 
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From he equation (iii). we determine that the fiecld of a uniformly chargecd 
sphere、external to the Sphere is the same as that causced by a_ point charge 
located at the centre of spherical surface and with the same total charge Q. In 
fact_ no field exists within the spherical surfacec 

The absolute potential at a radius r (> a) is given as 


f T 工 
Q Q dr 
V=--1E.dr = 一 -dr = 一 一 一 一 忌 
j = T2 二 上 
v= 一 3 ad v= 元 = 一 


三 三 where T = 
4r eor 4 eo a 外 


Since 下 inside the shell is zero, it requires no work to mmove a test charge 


inside and therefore the potential is constant，being equal to the value at the 
surface of the sphere. Therefore、， 


inside (r< a) = 一 Q 
4 区 EoTI 
Q@.35. State ard proye Gartss's Iaw. 兢 xplairz its apPiicatiorzs- 


4ns. Gauss"s Law -- Refer the ans. of Q.31. 


outside (Cr > a) 


Applications 一 Gauss'"s law is very useful in determining field and potential 
distributions about bodies having symmetrical bodies 


(让 Coarial Cylirzders 一 The intensity at a radial distance r from an 


isolated charged conductor having pl coulombs per unit < is given > 
RD 

工 

2 eo 


Let the radius of conductor be Ri and 


concentric cylinder of radius R2. Then in 全 g8. 5-27 ( 作 芝 
the distribution of electric intensity is given by 
pPL 
= 一 一 一 2r(RI<T< 二 R2)V/m 天 
2reo “ 2) 0 


The potential difference between the NS 


V = -上 1 E.dr = -人 ”E.dr 它 
R2 R2 
R1 
= 一 | 一 base 而 | 全 2.| 喜 GD 
2 Eeor 2 <o Ri 
2 


Here, so= Permittivity of the dielectric between the two cylinders， 


The electric intensity may be expressed in terms of Potential differenc 
by using equations (i) and (ii). 


SS 


上 
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(ii) Graded Capre 一 In fig. 5.28 (a), let Pr be the charge per metre 
of inner conductor then -- PrL will reside on the inner surface of a unit Jength of 
cable sheath. By using the Gauss's law 


when Ro <r 和 Ri 


when RI <r 一 R> 


亏 
R0 R1 有 尿 2 
Fr (Radias) 一 一 一 
(Z) 
Fig. 5.28 


If <> < El then intensity will vary according to the curves labeljed El 


and E2> in fig. S.28 (b). 
Hence the total voltage permitted for a given maximurn intensicy is、 


VvV=-E 
If the whole cable were filled with a dielectric of Permittivity < li. then 


有 束 = 
| = |] 
一 2 el Ro 2 E2> RI 


-. ERA 一 


_- pL Rs 
2r Lsl  Ro ez Ri 


= 二 PE_ | 五 玉 LS 及 2 |= -PE | 和 2 呈 卫 L 二 和 斌 2 
R Ri 


2 el 有 E2 Rl 2Fre2 Lel 0 
0 CEE ABR 一 
Eim= 2 eVRO and Eom 一 27fe2 Ri 
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下 汉 
= 
和 
<s2  RI 
Similariy、 
正 、 = 
于 Rs 本 
Les' Rao R) 


1 让 ) Comdenmser Type Brsjirrg 一 When it is required to decsign thc 
lengths of the concentric metallic_ cylinders so that the maximurm Potentiaj 
gradiceni in cach section is cqual. Neglcectin8g cdge cffects、the total chbarge 
appearins on cach conducting layer is same as shown in 有 8. S.29. 


Crylisdrical 
Coendgectorf 


Coenducting Case 


Jnselator 


and so on- 
However Eim = E2m = E3m = E4m 一 
Thberefore.、 RiLI= R2>I = RaLa3s = Ra4L 


2.36. 4ppEy Garsss iaw io a ciriererztial volrermze elerrzerzt a1zd optaia 
expressionm for total cjarzged emclosedL 


4nms. Let us considcr any point P shown in 石 8. 35.30 representec 
cartesian co-ordinate System. The value of D at the point P can be Ce < 
in cartesian Components such as Do = Dixo ax + Dyo ay + Dzo az- We “- 
the smajl rectangular box centered at Point 了 as OUT closed surface have 
sides of ljengths Ax, Ay and Az and then apply Gauss's Jaw. 


知 .as =Q 


Scanned with CamScanner 


ECctrDeAeGDS 站 Vice DAE 


Te <vaiuste thec intcgrail ovey he cioscc Serzface、ghe im6cETRE PSS Se 
broken upP into siX intcgr1ajs ormec cveT CDC8 fce 沪 Be fceTm 牛 、 


fpass - -| + vv 
frone 刘 7322e 
Since the sufrface cicrnent is very srmna 目 .D 芭 cssacmRia 亲 7 cmeest036 2000 吧 
Can write as- 


了 


三 Dr---:-ASrr--: 


Drrone-AyAz ar 三 DrernnrrAyAz 
where we have only to approximate thec vajoec of Daz thjs frpoeg facec Tbc 
front face is at a distance of Ax/2 frorm 下 and thcrcforec mc cam PFC 25、 


front 


Drresn 三 Do xRate of changc of : with x 
Ax 9aD。 

2 ”9x 

where Do is the value of D、at 
point P and where 3a Partial 
derivative must be used to express 
the rate of change of D、with x 
since in general D、also varies with 
yand z. This expression could have 
been obtaincd more formally by 
using the constant term and the 
term involvins the first derivative 
in the Taylor'"s serics expansicn 
for D、in the neighbourhood of P. 
Now we write the above 
expression in the form.、 


9D 
JE 三 (po* 们 FS js= 


Now consider the integral over the back surface、tdhen we canm write te 
expression in the form-. 


back 三 Duack-ASbocs 三 Does-(-AyAz as) = 三- DecoAyArz 


光 Do 二 + 


下 认 . 二 3 


_ Ax GD 
Pback) 一 Do > 9 
which giving that the above expPression xs、 
Ax 9D 
所 we 天 [Lp。 二 守 > YA- 
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If we combine these two integrals、we obtain as， 


[ [ 9D: 
front 十 ,back 三 AxAyAz 


9x 
Similarly we obtain the expressions for remnaining integrals in the form as， 
9Dy 
Jaght+Jien = AxAyAz 


= 9D> 
二 人 Dz AxAyAz 


These results may be added to obtain the expression in the form、 


opD、 9D、 apD 
fp.ds =| “一 x > 中 
有 ( ax ”ay ”az jseve 


lt can be cquivalently written in the form as、 


aoD、 9D、 aoD 
D.ds = 侍 X > 亚 站 
全 oz=| ax ”ay ”az 记 


Now if Gauss'"s law is appPlicd to the closed surface surrounding the 


volume clement AY, then DD | 
Chargc enclosed in volume AY = 9Dx 一 > 十 3D: |> Volume AV 
Dx 9y 9z ) 


@.37. Stafe artd explain rpe egratiom ar corzfimrity、CGire is paysical 
Sigrmziricance. 

Armxs. Statement 一 If we considecr a volume V boundecd by a closced surface. 
then the net current Tow into the volume must bc accompanicd by an increasc 
eof charge within v. Mathematically it is written as 

as 3 pvdv 
=aJv 
where. net infiow of current is given by lef hand sidc and ratc of increase of 
total charge is given by nght hand side. 
Proof -- By applying Gauss's law、 


9 Dpv ] 
充 一 | dv V.J 了 + 国 
Jraw-ajpve wu 人 (var 咯 ]wca 
Because this cquation must be true regardless of the choice of v、Uhen 


9pP 9 
V.J+ = 二 一 和 
未 Oor V. zx 
Above equation is also known as continuity equation- 
epv 
了 


So that V.J = 0 (continuity equation for steady currents)- 
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Physical Significance of Continuity 玉 quation -- The continuity equation 
tells about the diversgence of the current density due to flow of charges at a Point 
which is equal to the time rate of decrease of the charge density at that point. 

In the equation of continuity. P stands for the net charge density. 9p/ot can 
be nonzero within a conductor only transiently. Then. the continuity equation， 
V.J= 0. becomes the field equivalent of Kirchhoff's current law， which states 
that the net current leaving a junction of several conductors is zero. In the 
process of conduction, valence electrons are free to move upon the application 
of an _ electric ficld. Therefore，、 to the extent that these are in motion，static 
conditions no longer exist. However, these electrons should not be confused 
with net charge, for each conduction electron is balanced by a proton in the 
nucleus such that there is zero net charge in every AV of the matcrial. 

Suppose that through atemporary imbalance a region within a solid conductor 
has a net charge density po at time (= 0. Then since J= G 五 = (co 人 E)D， 

WwWSD' -2 
所 9t 

Now', the divergence operation consists of partial derivatives with respPecr 
to the spatial coordinates. When G and e are constants, as they would be in a 
homogeneous sample, then they may be removed from the partial derivatives， 


Sov.D) = -ap 

E Dt 
Spaep 记 ， 苹 
<sP = 3 3 人 


The solution to this equation is given by 
P= poe- (CVE 站 
Hence. P decays exponentially. with a time constant T = Ee/a, also called 
the relaxation Lime. At = T_P has decayced to 36.895 of its initial value. For a 
conductor. Tis extremely small. on the order of 10-19. This confirms that free 
charge cannot remain within a conductor and instead is distributed evenly 
over the conductor surface- 


NuwmEnRicaL PRoblLewms 


Prop.13. Prove thattPedciivergerzce ortjze electric ietcl aracdl tizatorelectric 
Jeex cerasity in a cjarge ree regiom 1 Zero- 

SolL From fig. 5.31、according to _ electric field's laws when there is no 
charge insidc the box、 the toltal electric Tux entering the box js equal to thec 
total “lectric 中 iux leaving. then the box has zero divergence. On the other hand 

Te exists charge density P in the region, the 们 ux entering may not be 
-nual to 们 ux leaving and so the divergence is also not Zero. 

Now consider the Tux density, Dx, Dy, Dz and following the convention 

warcd 们 ux is Positive，we get 
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Flux entering the side PQRS = -Dx 9y 


apxdxjay dz 
Flux leaving the side TUVW = (px ax 


过 
| w 


工 


V 一 一 一 Z 


则 = 5.37 3Dx dxjey dz-Dxdy 恬 
Hence thenetoutwardflux duetoDx= + Dx” ay 


< dx dy dz 


共 
Similarly Dy= 全 dx dy dz 


Dz = 史 dx dy dz 


2 计 dxd 
Thus the total outward flux from the box 二 ( 3x 了 Dy Dz 】 y 中 


But the charge enclosed by the box = Pdx dy dz 
By Gauss's law 


3Dx + 9Dy + 3Dz lax dydz=pdx dy dz 
DX Dy az 
DODx +9Dy DDz 
< 一 一 一 十 一 一 一 一 
ax ”ay Dz 5 
二 和 
Div. D =P 


In case the region is free from the chargep =0and A.D=0. Ans. 


Propb.T4. Using ipe Garss's Iamw im difjfererztial forrzrz oprtairz te eleciric 


Jielad intemsity ar difjfereral poinmats cuee io 避 Re Jp1Iomirzg cFrarge distriprxtiom 训 
spherical co-ordiinzartes 一 


( 人 0 一 太一 民 
pt e, 则 =12oUa) 
0， 


好 < 二 厂 一 co 
(R.C. 己 只，De、 


Scanned with CamScanner 


JE 2Q2A42 
2 JU1T 
0 


So Gauss's law in differential form states that 
VD=pvordivpD =pv 
In spherical co-ordinates, it js er in thec form 3S DDw 
1 4 


9 ,2 1 
V.D = (rzpD)+ 一 1_ .9 (pesine)+ 二 6 oo Ca 


r2 9r ne 36 多 
Now with the variation only in ie 6 the above 区 
be rewritten as 


1 眼 二 
V.D = 2D 
- 访 (人 


becorn25 2 
For the condition 0<r< aat any radius r the above equation 


9 
(r2D,) = po 人 


3 
和 = po 人 】 
or a 


By taking integral, we obtain 


] 
轩 芷 
王 号 到 Ceo[ 全 je 


By the symmetry of the problem, the constant of integration is ZerO- 
汉 
Por 


"一 4a 
Thus, the expression for electric field intensity 也 is obtained as 


2 
工 
一 Be 一 ma。 Ans- 
For a <r < co, the charge enclosed only upto radius a. Therefore - 
9 /2 
= po 汉 


Again on taking integral, we obtain 


二 


站 4eor Amns 
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Atr = a, the above equation becomes 一 
联 

也 = Po 3r Ans, 
4eo 


MAXWELLES EQUATION IN VACUUM AND NON-CONDUCTING 
过 MEDIUM; POYRNTING VECTOR ; 
TEST3RPEREICEDRENEEPEERDE2PCREP 二 二 一 -Treeaegre 一 一 一 
@.38._ ExpIairrMDiscress Maxwellis egreatiorz irz irztegral ar1zd dferenalial 
Jorrrzs- (R.C. 己 内，JJrerze 2003，2009， 201f 
4rzs. The differential and integral forms of Maxwells equations are written 
together in table 5.2. 


Table S.2 Mtaxwells 忆 quations 


Dirrererztiaz 下 orz7z 了 TrzteSsraz 天 orrzz 了 jzysicat SigrzzFcarzce 


Ampere's law 
Faraday'"s law 


Gauss”"s law 


Monopole or no 
isolated masgnetic charge 


We note that the differential and integral forms of the first two equations 
are equivalent under Stoke's theorem while the differential and integral forms 
of he last two equations are equivalent under the diversence theorem. 
A word statement of the sisnificance of the field equations is readily 
obtained from their mathematical statement in the integral form 一 
(iD The masgnetomotive force around a closed Path is equal to the 
conduction current plus the time derivative of the electric displacement (or 
electric fux density) throush any surface bounded by the path. 
(ii) The electromotive force (E.M.F.) around a closed path is equal 
to the time derivative of the magsgnetic Tiux density ( or magnetic displacemen) j 
through any surface bounded by the Path- 
(iii) The total electric displacement through the surface enclosing 3 
volume is equal to the total charge within the volume. 
(iv) The net masgnetic fux emerging through any closed surface 1 2 | 
The time derivative of electric displacement (or electric 提 uxX density) ， | 
called displacement current. The term electric current is then generali 克 
meaning to include both conduction current and displacement current- Howe 


| 
一 
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if the time derivativc of the electric displacement is called an electric current 
then the time de-ivative of magnetic displacement can be considered as being 
a magnetic currcnt. At final the electromotive force ( E.M.EF.) is called electric 
voltage So that magnetomotive force may be called magnetic voltage. The first 
two Maxwell's equations can then be stated as follows 一 

(iD The magnetic voltage around a closed path is equal to the electric 


current through the Path. 
(il The electric voltage around a closed path is eqgual to the magnetic 


current through the Path. 
CD.39. WTite dorprz are11S egratiorzs 唐 万 ee space JoDr Imrze-rarTirzg 
Jie1cdts arzd static fields Botjz zz cjfererztial arzd imteSs7ratl_1Drz7z- 
4rs- Since，current density J and charge density p、in free space are 
zero. Therefore the Maxwell's equations can be written as follows 一 
(2 下 or Tirzze-paryirzg 天 ielczs 一 
(a) Differential Form 一 


ww 
Xx 开 = 三 zt 
Vx 了 = _3B 
et 
V.D = 
V.B = 
(b) Integral Fornm 一 
站 Edz | 
s Di 
DB 
Edz = - 二 ds 
人 D.ds 总 
S 
站 B-ds 二 而 
S 


(i) 天 or Static 天 iezczs 一 
(a) Differential Form 一 


VvxH=0 
Vx 瑟 =0 
V.D =0 
V.B =0 
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(b) Intepral Focm 一 


ea. 汪 [aas 
Ed =0 


D.ds = 了 Pdv 


fs.as =o 
Q@.340. Derive re Marweil's egreatiorr inz ctifjfereratial arzcdl imtepgral prmms 
Jor harmonicalivy varying Field 
ms. Suppose D is varying with time and is given by. 
D = IDocjiex --( 示 


where Do is the value of D att= 0 i.c..D is function of (x. y, Z. U and Do 和 
a function of (X. Y- Z). 


Differentiating cquation (i) Partially with respect to t， we gect 


9D D 
人 (Doejob = jo Doejex 
= jmoD 仁 D = Doc 迄 ) 


When the same assumption is made for B, then Maxwell's equations for 
harmonically varying fields in integral form are given as， 


乓 Ed 一 上 (J+jopD).ds = (G+joe) 人 E.ds 
站 E.da = -人 ioB.as = -jiou| HLas 
S S 
fp.as=fp.dv 
站 B.dv =0 区 
『 J.ds SEE Pvdv 
Maxwells equations in differential form are given as， 
VxH=(G+joe) 瑟 
Vx 巨 = 一 jwHJH 


V.D =pPv 
V.B =0 
V. 丁 = 一 Jopv 


CQC.41. Write Maxmwells egtuatiorzs zz cifjfereratial formaz arad derire 下 
integral Jorrmz rormaz its di1jfererztial orzzz- 


4ns. Maxwell Equations in Differential Form 一 Refer the ans. of Q.38. 
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Benmerajization PrDcess- 
We Know trhat the Naxwecil cqeaeior 


本 4 
人 
Intcgrating cquation (1) over 3 suarfoce ie 
可 
人 vv><Eds= 上 6 
去 s 让 
We know that the Stokc's thecorem 
乓 E.d/ 记 章 (Vx E) ds 3 
From equations (ii) and (iii) 
DB 
和 Ed = 人 3 -ds sw) 


The equation (iv) is the Maxwcells cquation of Faradeys Iaw im imecEral foem 
Naxwells second ecquation of Amperc's law in 二 fcreng foem 5 Bivcn By 
9D 二 
ct 

Jntcgrate equation (v) over a surface and applying Seoke's thcorcem me 
obtain Maxwell's cquation of Ampere circuital law in iptcSrajl Eee ELc-- 


VxH= 了 .+ 


9D 
所 HLd' = 了 (= + je -Cv 司 
The Gauss law for the electric ficld in differenrial form 二 Siven by 
YY.D=pv 一 YE 
Integrating throughout a volumec ic.. 
Jo par =- Js pves -em 
The divegene theorem 
D.ds = 
芷 人 ，v.Ddv -ix) 
From equation (viii) and (ix) 
D.ds = 
于 站。 Pv dv -《X)》 


Equation (x) is the of electric field Maxwell equaton foc Ganrss law ja 
ntegral form. 
The differential for Gauss law in mmasnetic fields in Siven by 


V.B=0 -CSXE} 
Integrate throushout a volume and apPliy divesence theorem、 we Set 
站 Bids =0 -Kxiiy 


-Maxwels equuation for Gauss ijaw of masnetic feid in imscsral foem- 
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.42. Wart is displIacemzermnt crrrerat 2 1om is AHaxrmel1s egqratio7z 
aodified io accorrmtJor 下 训 17ze PaTTyizzg Fiela 2 (RR.G. 忆 TY，1H1cyV1rrze 2006) 


Or 
xpiaim displacerzierzt crTrertt (R.G. 己 YY，PDec. 2009) 


4nms. To define displacement current，we first consider the point form of 
Ampere's circuital law as it applies to steady magnetic fields is 
Vx 责 = 了 ia 
and show its inadequacy for time-varying conditions by taking the divergence 
of each side 一 
V.(Vx 了 HHD)=0=V.J 
Divergence of the curl is identically zero、therefore V.J is also zero. 
However, the equation of continuity is given as 
V.J= -- ev 
t 
This equation of continuity shows that egreatiorz (i) carz De trre onpy 矿 
党 =0.7T7is is arz rrzrealistic Lim7zitatiorz arzcl egrtatiorz (zi) myzrestDe corrected 
Before we cai accept it Jor tirze-varyirzg Jietads. Let us consider an unknown 
term G, to equation (i) 一 
VvxH=J+G 
Again taking the divergence、we obtain 
VCV x H) = V.J+V.G. 


Or 0= VJ+V.G 
op 
Hecnce， V.G= 一 V.J= 2 


Substituting p、by V.D， 
V.G = 3 (VY.D) = (如 | 


9 9i 
from which the solution of G is obtained as 
9D 
避 = 
9 
Thus. the Ampere's circuital law in Point form becomes as 
VxH= 了 J+ 9D 2 
Qt 


This is also the second one of Maxwells equations. The additional te 


D 
均 has the dimensions of current density. ampere per square metre. Maxwel， 


termed it a displacermzeraf crtrrerat demzsity because it results from a Lime-varyin- 
electric fiux density or displacement density. LIU is denoted by Jad. 
apD VxH=J+ Ju 


et 


where Ju = 
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Significance of Displacement Current -- The total displacement current 
crossing any given Surface is given by the surface integral 


IJd = Ju:as=[ 2 .ds 


By integrating the expression of displacement current oversurfaces，we 
can obtain the time-varying version of Ampere's circuital ljaw 


人 xD-ds 到 人 工 das+【 2 .ds 


and applying Stoke's theorem 
Ja.dz = TH+I = 工 十 5D 
TI+Id = 工 由 -ds 


CQ.A3. Pyrore jat 卫 = 已 xHpperePizs Poyrztirzag vector zz patts122 瑟 a1zd 

H are electric crzcl 11z2CGB7Tzetic ielcts resPectzpe 太 (R.G. 己 FJrerze 2003 2009) 
Or 

EXPiarirz Poyrztzrzg pecto 六 (R.G. 己 KK，PDec. 2006 2009) 

47s. Statement of Poynting Theorem 一 “It states that the vector product 
of electric field intensity vector 正 and magnetic field intensity vector H at any 
point is a measure of the rate of energy fnow per unit area at that point. The 
direction of power Pow is perpendicular to and H in the direction of the 
vector 瑟 x JI 

From Poynting theorem. the vector product of electric field intensity 五 
and masnetic neld intensity H is another vector that is represented by P after 
the cdiiscoverer This vector P is called the Poyrztzrzg vcector IL measures the 
ratc of now of cnergy and its direction is the direction of power fmow and is 
perpendicular to the Plane containing and H vectors. 

Symbolically. the Poynting theorem is written as 


了 三 x H VA/m2 or watts/mz2 we 
Proof -- Let us besin with the second equation of Maxwell， 
VxH= 了 J+5D (ii 
Qt 
三 下 二 所 二 = (HiD) 
Qt 


This is a relation having dimension of current density and if multiplied by 
了 ,the resultant would be having dimensions of power Per unit volume. 


refore, taking dot product of equation (iii)，we obtain 
9D 
卫 . 丁 = 瑟 .(V x 了 ID 一 五. 二 


But we know that 
V.E x 了 ID) = HCV x 瑟 ) 一 了 .(V x 了 ) 


By using this identity, we obtain 
卫 .(V x H) = H.(V x) 一 V. (下 x 珂 ) 5 


av》 
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Substiruring cquation (Y) into cquation (ivV). we gcl 


EJ= 了 LVx 世 -VCEx EBD 一 杞 2 
个 
3 9E je 了 =PH | 
下 了 J 丁 = |- 呈 ]-YCExED-Ee 1and 中 芭 到 了 
DH DE 
一 一 一 V. 人 
开本 = -也 二 三 王 - 坟 ( 王 卫 ) 《YY 入 
aa waH2 afnaaz】 
Re - 引 这 j 
王 a2 3 E2 1 Frorm Calcelos 
三 生 王 ~ 
2 j 
Tberzfore 
_-_5|nH 3 | = 王 2 
了 了 = 坟 | 2 | | 过 一 V.( 王 了) 
二 2 
__a|nm 哩 
o5 开 一 z| 十 一 V( 王 行 ) 
Ia=Erztipg trooghoot vojume we 


记 HH2z ”=2 
Jdv 三 一 本 区 王 
记 骨 一 dv 人 vv 底 了 BT)dvy (vi) 


Now- appijiying divergence theorem to the last term to chzange it from 2 
vojiorpe iptcgral to surface integral, we obtain 


3 fr|nH2 = 瑟 2 加 
一 (三 开 )ds= 
于 工 于 ) 人 Edyav+ 站 风 二 过 | ----(Yii) 


Eauztion (viii) can also be represented in an alternative form 
了 B-H 王 .D 
一 (xH)ds = 
于 )》 上 EJdv+2 人 | 又 十 宁 je 
了 2nd term 3rd term 
Equations (vii) and (ix) are the integral form of Poynting theorem- Is 
physical interpretation is given as below 一 


Jst term 二 -> 了 王 )ds = In going power 人 lux over surface S. 


= 


2nd term 三 人 E3 dv = Total dissipated or generated Power withir 


volume V at any instant- 
For a conductor of cross-sectional area A, having a current I and voltag* 
drop E per unit jength, the power loss js EI watts per unit length or powel 
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Pated Per unit voljurme 和 5 纪 Vernr 25 


dissi 
E7 了 
= 王 = 了 Wyuni ] 
记 EI { 坝 本 Wunit volomcf 
Hence. tc 让 power dissipated in a vojume 和 5 
|EJav 
呈 


2 了 [amz+ <E 


Time rate of jncrezasc cf totzal cjectromagnetic 
cnerSsy within thc vojamece V cncjiosed by thec 
surfaccs 31 2ny instzamt- 


Tphe term 二 二 雹 2 is the“'energy density” ass -we 


3rd term 


volume of the 人 ficld. In addition. for the steady mmagnetic ficid. Se 
denotes the stored energy density of the maSnetic ficljd. Hence. both RE 
denote stored energy densities when the feid js changsing with tmec. thecn ihec 
integral denotes the total elcctromagnetic cnerEy Fored within the vofurne V- 
Thus. in shor. equation (ix) states that the net inward power 人 Dux supplicd 
by the field over thc surface S. must cqdual the Lime rate of increase of clectro- 
magnetic energy inside the volume V plus the total ohmic losses in voliume V- 
assumjng thc volume V contains no gcnerators- It can be stated ip anpothber 


way that 计 -人 尖 开 ds represent in the total ingoing or inward inszantaneoeus 


Power flux. then the 寺 Ex Hads denote the total power 了 lowing oaux of the 
volume V. @o. the sum of terms on right hand side of equaton 和 Genotes totaj 
Power 们 owing into the volume V. then the lef band side of equation (ix) 
denotes the total Power fowing oul of the volume which is actuajiy 


E” Has 


where the integral is over the closed surface surrounding the volume- Thbjis is 
what we had to prove. Thus. the cross product 王 x 联 =Qis the instantaneowus 
power density in watts/m2. ie.. 
P = 三 xH WAmz: 

wherc and H are electric and magnetic feid intensides in V/m and A/m respectivelv 

However. in case the volume V has Power generators. then the asdditional 
volume integral of Je. 下 over the designated active current sources Je in the 
region may be addcd in cquzation (ixX) as 


-Pds = -人 E>Hds= 人 ETJav+ ie 吕 本 上 + 人 Ts-Edv 
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.44 Dejfinre instarmtarzeors PoyTztirzg yecto 太 

4nms. The power density P is given by the Poynting vector，which is a 
cross product of the electric and magnetic field vectors 也 and JH respectively. 
Thus we can write as， 

卫 = 一 也 X 再 | 
where， 卫 = Poynting vector in Wm-: 
也 = Electric field vector in V/m 
HH = Magnetic field vector in A/m. 

By turming 下 into H and proceeding as a right handed screw gives the 
direction of P perpendicular to both 正 and H.P is a power density called 
Poynting vector The value of Poynting vector in equation (i) is called 
istartareors Poyrafirzg vector-. 

@.45. Optaimz the expressiorz or comzpIex Poyrztirzg tmeoreryz- 

4ms. Consider the identity 一 

全 一 一 > 一 瑟 一 一 一 一 
V.(ExH )=H*(CVxE) 一 下 .(VYxH+) …(iD 
where asterisk (*#) indicates the complex conjugate-. 

But we know that the Maxwell's curl equations in phasor form is given by 


一 》 一 一 一 
VxH=(cG+joe)E+IJ 本 人 
= = 只 
VxH =-johnH 过 
Putting equations (ii) and 生生 in 9 人 we have 
一 一 一 
V.(Ex Hr*) = 阳 *Cjoh HB 一 ECac+ jae 瑟 + 玫 
= = 和 mk 井 . 于 *-(c+ ja 上 卫 王 * 一 三 . 了 > 


JIntegrating above equation over the volume V, surrounded by surface s, and 
by utilizing divergence theorem we get the complex version of Poynting theorem 一 


一 一 一 一 一 一 
太 (ExH.ds= 一 ja (unH.H* 一 <eE-E*)dv- 
一 一 一 一 
从 sE.E*dv 一 | E.JT*dv 
V V 
.46. Explairz ayerage arza comzpIexr Poyrztirzg vectors- 

A4rms. The average Poyrztirzg vector is obtained by integrating the instantaneous 
vynting vector over one period and dividing by one period. It is also obtained in 


mplex form. 


1 1 
卫 .、= Re 了 XI 一 二 2yBajicoa9 


Ahere “了 PP、 = Average Poynting vector 
= 卫 一 ay Ey 一 ayIEyielc 
az Hz 一 3z Hz e 
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H* is called the complex conjugate of HH， where 
也 = azHzx =azlIHz|ejt-9) 
The quantities H and its complex conjugate H*#* have the same direction 
but they differ in sign in their phase factors. 
The magnitude of the average Poynting vector is given as， 
| 节 
卫 。 = 王 Re 刁 y Hz = 起 y IHzlcose 


The magnitude of the average Poynting vector can also be written in the 
form of intrinsic impedance， 


1 了 本 
Pav = 过 Re HzHz Zo = 也 |Hz| ReZo 


R 一 = 二 此 Re 一 - 
2 Zo0 2 
It can also be written as， 2 
|E | 
了 = 业 匡 1? |cose= 工 一 业 cos9 
aaV 2 Z| | 僵 0 2 |Zo| 


when 6 = 90?". Ps、 = 0. 
Similarly for V and LI, the average power is given by. 


1 Ii 呢 
有 总 1 IZolcose 一 也 记 cose 


NuwmsRicaL PRoblewms 


Prop.75. 4ssrirmzie G SOrerce. 厅 ee regiormz cieriye tpe dpiesiorz egzreatiorz 一 


2 oO 焉 
Y CR.G.PV，PDec. 2008) 
SoL We know that the Maxwell"s equation， 
DB 
可 xx 一 一 贡 四 


Taking curl on both sides， we have 


V x(V x) = -人 (YxB) 


VCV.E) -- V2E = 一 0 邓 (V x 了 HI) (--- 了 =DHD 
D DoD 
VCV.E) 一 VzE = 一 中 2 灶 绊 ] -7 
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Bnut for source free region. pv=0 


总 9.D=0 
QTr E(V.E)=0 
Or V.E=0 


Equation (iD) becomes 


< [+ 有 ] 
= 人 9 


Put 卫 = jia， 丁 =GE and D =< 了 


V2 顾 = johcE -oz2h < 互 
本 jo E 
= johE (cC+joe)= jwohcEI1I+ 
For metal G is very large, therefore 


@< 
过 翅 
Hence V2. 瑟 = jwohcE 
DE 
or V2E =Aar 


This equation is kgpwn as circsiorz egreatiorz. 


Pro5.76. Firzd tPe armzpzitrzecde or dispiccermzerat crrrerat density zz te dir 
SPace af a Poiat Witjzimz G arge Power distripztiorz trarzsforrzyzer 1zere 一 


B = 0.8 cos [1.257 x7I0-4(3 x708r 一 xz)J ay 


(CR.G. 已 内，1czyV1rerze 2000) 
SoL We know that from Maxwell's equation 


DB 

Vx 巨 = 一 一 

站 Qt 
Vx 巨 = 一 六 08cos[1257x10-6(3x108t 一 x)]ayT 

a 


一 汪 908cosI377.11 一 1257x 10-5x]ayT 


= 一 08( 一 377.1) sin[377.1t 一 1.257 藉 10-6x]ayT 


Vx 巨 = 301.68 sin[377.1! 一 1257x10-6x]ayT 
We see that, here only ay component is Present thcn we will considery 
component of V x 瑟 . Eee 
9E DE，> - 
| 2 一 是 |ay = 301.68 sin (377.1t 一 1257 x 10-5x)] ay 工 
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Since x is present On R.H.S. Thus 


9Ex = 0.so that 
DZ 
oOEz 
一 本 = 301.68 sin (377.1 4- 1.257 x 10-6 x) 
X 


dEz = 一 [301.68 sin (377.1 1 一 1.257 x 10-6 x)] dx 
By integrating both sides， we get 


as; = -30168| sin (377.1t 一 1257x10-6x) dx 


六 二 5 的 疗 一 cos (377.1t 一 1257x10-6x) 
1257x10-6 
E, = 240 x 106 cos (377.1 tt 一 1.257 x 10-6 x) 


吾 = 240x105 cos (377.1t 一 1257x10-6x)a。 
.…。 Displacement current density is given by 


DD 
一 一 - -了 =<o 五 ) 
Jp= 雯 0 at 全 有 一 
Jp = so 革 240x 105 cos (377.1t 一 1257x10-56x) as 
Jp = 8.854x10-12 x240x105(-377.1D) sin (377.1t 一 1257x10-6x)az 


Jp = -0.8sin (377.1t 一 1257x10-6x)a- 
Therefore, the amplitude of displacement current density is 
一 一 0.8 Ans- 


Prop-77. THjze eectric .Field inzterzsiby oarz eectromzaSrzetic WapPe 误 万 ee 
SPacCe Bive1z Dy 


五 -=0 
五 y = 巨 0 cos cxt 一 ZP) 
五 - = 0. 


Determzirze tpe expressiorz for te cormzporzerats or mrzaSrzetic imzterzsity 五 - 


(R.G. 己 人 ,zere 2008) 
.SoL Here， Ex=0.Ez=0 


= Eo cos {o(t 一 Zv)} 
We know that from Maxwell's equation 
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1 
下 
2| 
外 
1 
甸 
兴 
下 
叫 
已 
18 
区 
品 
一 
了 
| 
< IN 
qq 
二 一 一 
| 
十 
局 


3 


和 Eo9 coso| :je| 5 一 “| 
hv V 2 等 


So the componcent of magnetic intensity HH is. 


至 = Eee -cosof 攻 一 | 
Rv YV 2 V 
Prop.718. im 帮 ee-space, he magraetic cid or am 匹 81 ape is giren 弛 - 
盏 = 0.4 mwEo cos (az 一 50 x) G- 4Amrz 
Find te elecrric Jieid 巨 . (R.G- 已 W，Dec. 2008) 
SoL Magnetic ficld intcnsity is given as 


H = 0.4 coso cos (cot -- 50 x) az Am 
We know that from Maxwellhs cquation. 


9B 


eD 9 
村 至 一 三 一 = 一 
x 王 闷 未 dhobH) ho 坟 (CH) 


三 -ho 亦 [04 meo cos (ex 一 50x)az] 

= -Ho04 o3 co [一 sin (ok -SOx)]az 

= 04x4rx10-” 2 <osin(cx 一 SO0x)az 

= 5024x10-” 3 eco sin (ex 一 SOx)az 
= 5024x 10-7 x8Ss4x10-12 mo2 sin (ax 一 50x)az 
= 4448 x 10-19 az> sin (ax 一 SOx)az 
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We see that. here only az component is present, then we will consider z 
component of Vv x 王 . Hence、 


9Ey_ 9Ex _ 膏 过， 
ay az = 三 44.48x10 co sin (oOt 一 50x) az 
Since x is Present an R.H.S.. thus 
oOEx 
= = 0 so that 
9y 
9Ey 


赤 - = 4448x 10-19 2 sin (ot -- 50 x) 


dEy = 44.48x10-19oz2 sin (ot - 50 x) dx 
Integrating both side、we get 


adE， = 44.48 x 10-'9o2 | sin (at 一 50 x) dx 


一 cos(Ot 一 50 x) 
一 50 
or 巨 = 0.89 x 10-19 az? cos (aot 一 50 x) ay Ans-. 


Prop.79. 47 开 A8 Plare mware oO 100 Yorz cotcl 3 了 300 4417z traveLirag Pa cr 
Erairzile LOssless maecdiu17z jarirag Er=9 和 抽 =7aracd C= 0 Hite crPpressiOrs 
Jor rrac-domaaial exrpressioms Jor te Jield vectors or tjne Jporward rrapelirzg 
MGVe cacl ciererri "Power demsity rector (Poyratirig vecfor). 

(R.G. 严 ，PDec- 2009) 


Ey = 44.48x | 


SoL Given. G = 0. Er = 9. hi; = 
E\o = 100 V/m.f = 300 MHz. ca = 0 for loss less medium 


翅 B= ovVhs=owwVhohvr soer 
= 2rx300x105V4rx107 x1x8854x10-2 x9 


B = 18.86 rady/m 
Thereforce. the Lime-domain expression for the fiecld vector is 


Ex = xoec ”cos(OX 一 Bz) 有 x 


训 Ex = 100 cos (6 x 107 t 一 18.86 z)av Ans- 
Now. intrinsic impedancec (mn) is given by 
3 
完 | jh 
了 G + jcoo < 
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100 
HBy = 12567 cos (6r x 108t - 18.86 Zay 
Poynting vector or power density vector is 
P: = 下 x Hy 
= 100 cos (6r x 105( -18.86 za、x (0.8) 
cos (6r x 108 -18.86 Za 
Pz=80 cos" (6rx 108t- 18.86 za 


P,; = 40 + 40 cos (12r x 108t- 37.72 Z) 人。 Ans， 


令 @@ 


IN 
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2。 (a) 


(b) 


《c) 


3。 (a) 


(b) 


4. (na) 


Attempt ome question from each Unit All questions carry equal marks-. 
Answer should be precise and to the point only-. 


Unit-E 
Calculate the de-Broglie wavelength of an cc-particle accelerated 
through potential difference of 5000 volts. 5 


Describe the Davisson-Germer experiment. How does it confirm the 
existence of matter waves ? fSee LUnit-1. Page 6. Q.7) 5 
Prove that electrons do not exist in the nucleus using uncertainty 
Principle. (See Unir-I. Papge 44. Q.46) 5 
Show that in the scattering process minimum value of energy which 
a photon must have so that it may transfer half of its enerSy to an 
electron at rest is about 256 keV-. (See Unit-IL Page 13. Prob.7) 5 
Or 

Considera particle with energy 王 =(p2/2m) moving in one dimension 
(x). The uncertainty in its location is Ax. Show that if Ax.APp > 下 
then AE At > 玉 , where (P/m) At = Ax.(See Unit-I. Page 43.Q.432) 5 
An electron has a speed of 8.5 x 105 my/s within accuracy of 0.0194. 
Estimate the error in the measurement of its Position. 5 
(See Unit-1L Page 46. Prob.1sS) 

Derive both time dependentand time independent Schrodinsger wave 
equation for a non-relativistic particle in a Potential VC r ). Give the 
physical significance of wave function 岂 - 10 
(See Unit-I. Page 27.Q.23S) 

Unit-II 

A beam of linearly polarized light of wavelength 5000 A is changed 
into circularly polarized light by passing it throusgh a slice of crystal 
of 0.004 cm thickness. Calculate the birefringence of the crystal. 5 
四 认 

Show that the resolving power of the gratings is directly proportional 
to the total width of the ruled space on it (See Unit-IIL. Page 97.Q.434)5 
Describe the construction and working of Michelson's interferometer. 
Explain the principle of formation of circular fringees. How will you 
Use these fringes in determination of Wavelensth of monochromatic 
light ? (See Unit-1lL. Page 73.Q.23) 10 

Or 

In Newton's rings experiment，diameter of 10th dark ring due to 
wavelength 6000 A in air 0.5 cm. Find the radius of curvature of the 
lens. (See Unit-IIL Page 76. Prob.6) 5 


xx Now， according to new revised syllabus ofR.GP.Vv.,itis notincluded in syllabus 


(1) 
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人 Exhiam doh refracton in Case of polarization of He ee- 
he wrong AT NTPevem as Dolanizer and analysef- 
二 


Chsasn cvpreswon for \he MntcnsY distrihution of Fraunhoffer 

dfiracoonm doc smN sits Eniain the cfTect of Increasing N on 由 he 

dfiracson hatcrm AIv draw the Frahh of intcnstty varnation doc to 

iacrtercnec Merm and dffacohon tcrm IsSeec Unit1 age 92.0.39)10 
Unit-111 

Tescnibc constrocton and action of Betatron. Derive thec relation for 

hetatron condioon and cnergy acquired by clectrons 


铠 


《3 


10 

ii， A pociecsr reactor produccs 40 MW clcctrical cncrgy. If 200 MeV 

The enerngv is relecased Per fission. calculatc the mass of U235 required to 

desan Producc clectmcity for 1000 hours. (Avogadro number = 6.02 * 1033 
pcr gm atom) 


末 5 
Descnhe constrocuon and working of Geciger-Muller counter How 
qQecnching is achicved in it 7 


1 


三 瑟 癌 
刀 ai Write shoct notes on the folilowing : Ss each 
申 Sheclmodei 全 和 
(全 Auston mass spectrograph 


全 和 
人 Expiatm the nuclcar fusion proccss. Why this process is not possible 
ai ordrnary Icemperature and prcssure ? Statc the conditions required 
far 由 < sustaincd fusion reaction. 
fc 


5 
Cajculatc the frcqucncy of thc altcmating potcential that mustbe givea 
to the cycloron dce in which dcutcrons arc accecleratcd、given that 
magmetic flux density is 4 Wb/mz. ww 5 
Lnit-iY 

3 Derive the expression for thermal-equilibrium concentration o 
cjectrons no and holes po for an intrinsic semiconductor. 本 
(See Lnit-111. Page 121. Q.19) 

证 ) Cazlculate the probability that a state in the conductuon band is 
by anejecron and calculate thermal equilibrium electron concentratioa 
刘 siicon aT= 300 区 .Assume the Fermi energy is 0.25 eV below the 
ai ThevalueofNc (effective density of states 
训 tbe conduction band) is 2.8 * 101? cm-3. 


(see ULnit-1 Page 127. - 
(cj Derive te cquztion for ideal current-voltage relationship fora 
janction diode- 


(See Unit-10 Page 142.Q33) 

和 。 (sa) Describe 由 ec concept of ailowed and forbidden energy bands 到 
singje crystai qualitatively fromthe result on the Kronig-Penny 

(See Unit-111. Page 129. 

1 according to new revised syllabusofR.GP.V.itis notincluded in 
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(b) Describe with diagram the basic operation and characteristic of a 
Solar cell, including the short circuit current and open circuit voltage. 
Derive the expression for the maximum power delivered to load, fill 
factor and efficiency of the solar cell. (See Unit-1, Page 153,Q.48) 10 
(ec) What arc nanoparticles ? Why are nanoparticles interesting ? 
Describe the Top-down and Bottom-up approach to Synthesis the 
nanomaterials. 10 

Unit-V 
9. (a) Describe the construction and laser action of He-Ne laser or Nd : 
YAG laser with energy level diagram. Also describe various 
applications of lasers. (See Unit-IV, Page 186,Q.32) 10 
Calculate the maximum radius allowable for a SM fibre with 
nl = 1.53, n = 1.5 operating at wavelength of 1300 nm， 5 
(See Unit-IV, Page 202, Prob.S) 


(e) Write a short note on different loss mechanisms in an optical fibre. 
(See Unit-IV, Page 197,Q.53) 5 


(b 


心 


Or 

Define population inversion and show that it is necessary for 
amplification oflight in a medium. (See Unit-IV, Page 169,Q.10) 5 
If the halfwidth of He-Ne laser operating at wavelength 6325 A is 
1400 MHz， what must be the length of laser cavity to ensure that 
only one longitudinal mode oscillates ? | 
Describe the construction of an optical fibre. Explain the principle of 
propagation oflight waves withina fibre. (See Unit-IV Page192.Q.45)5 
(dj Write a short note on carbon dioxide laser, 号 

(See Unit-JV Page 177.Q.10) 


10，(a 


二 


(b 


二 


心 


(c 


了 B.E. (First/Second Semester) EXAMINATION,June, 2010 
(Common foral Branches) 
ENGINEERING PHYSICS (BE-201) 


Note : (iD) Onme question from each Unit is compulsory. 

(ii) Attempt total jive questions， 
(iii) All questions carry equal marks， 
Unit-[ 

1 (a) What is Compton effect ? Explain the particle nature of radiation， 
Derive an expression for the frequency of the scattered photons in 
terms of frequency of the incident radiation and Scattering angle. 

(See Unit-l. Page 7.Q.8) 10 
(b) State and explain Heisenberg's uncertainty principle. Explain it with 
example. (See Unit-l, Page 4s.Q.47) 10 
Or 
2， (a) Obtain Schrodinger time dependent or time independent wave 


*xNow, according to new revised syjlabusofR.GPVsitis notincluded in syllabus 
(3) 


Engineering Physics 


equations. 


(See Unit-1. Page 19.Q.19) 10 
tb) An electron is accelerated throusgh a potential difference of S kV and 


enters a uniform magnetic field of 0.02 Wb/mz2 acting normal to the 
direction of electron motion. Determine the radius ofthe path. Given 
m= 9.11 x 10-31 kg and e = 1.602 x 10-19C. 


本 
(ec) Find the probability of finding the particle at x = 0.3. 1 
Unit-II 
3. (a) Explain the construction and working of Michelson's Interferometer 
in detail. (See Unit-1lPage70.Q.19) 10 
(b) Explain the conditions for maxima and minima for diffraction at a 
single slit. 忆 (See Unit-ltl. Page 80.Q.30)10 
4. (a) Describe the construction and working of a Nicol prism. How is it 
used as an analyzer and polariser for a plane polarised light ? 10 
宙 夺 
(b) (i) Explain the interference of light by Fresnets biprism. 5 
_ (See Unit-1l.Pape ss.Q.S) 
(iD In aNewton's rings experiment the diameter of 10th dark ring 
due to wavelength 6000 A in air is 0.S cm. Find the radius of 
curvature of the lens. (see Unit-il. Page76.Prob.6) 5 
Unit-I1II 
5. (a) Explain construction and working of Bain bridge mass Spectrograph. 
页 在 
(b) Describe the main components of a nuclear reactor in detail，** 首 
6. (aj Describe the principle and working of thec cyclotron. What is 
cyclotron resonance ? *# 10 
(b) (Explain the working of Geiger-Muller (GM) counter. 和 
(See Unit-11. Pape 143， Prob.38) 
(让 Calculate the power output of a nuclear rcactor, which consumes 
10 kg of U-235 per day. Given that thc averagec cnergy released 
per U-235 fission is 200 MeYV. 
Give NA = 6.02 x 1026. m = 1.602 x 10-19. ww 与 
Unit-1V 
7， (a]) Describe free electron theory for metals with its limitations. 10 
(Seec Unit-10. Page 107.Q.D) 
(b) Describe Hall effect and Hall cocfficient in detail. 10 
(See Unit-1T1 Pape 157.Q.S2) 
Or 
8. 


(a) Explain Nanomaterials and Nanostructures with the applications of 


Nanotechnology. 夫 上 二 
(bj) Write shor notes on any hnwo of the following : 10 
(iD Effective mass of electron 


(See Unit-IIEL Page 132.,Q.23) 
**Now,according to new revised syllabus ofRLGP.V.itis notincluded in syllabus 
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(iD Solar cells (See Unit-IIIL Page1S3.Q.48) 
(ii) Fermi energy level (See Unit-TTTIL Page 144.Q.34) 
(iv) Zener breakdown (See Unit-ITI. Pape 144.Q.34) 
Unit-V 
9.  (a) Describe construction and working of one laser with the help of 
diagram. (See Unit-TV. Page 179.Q.20) 10 


(b) Establish the relationship between Einstein's coefficients A and B. 
(See Unit-IV. Page 165.Q.S) 10 
Or 
10。 (a) Explain the propagation of light in an optical fiber What is maximum 
angle of acceptance and acceptance cone ?3(See Unit-IV Papge191.Q.43) 10 


(b) Write short notes on any mo of the following : 5 each 
(D“V-number (See Unit-IV, Page 194.Q.48) 
(ii) Multimode graded index fiber (See Unit-TV. Papge 190.Q.40) 
(iii) Pulsed dispersion (See Unit-TV. Papge 195.Q.S1TD 
(iv) Optical resonators. (See Unit-iV, Papge 173.Q.14) 


B.E. (First Semester)EXAMIINATION, Dec.,2010 
(Grading System) 

(Common for all Branches) 
ENGINEERING PHYSICS (BE--201) 


Note : Answer ome question from each Unit. All questions carry equal marks. 
Unit-i 

1. Explain the concept of group waves. Define group velocity and particlec 

velocitry in reference ofa group wavec and establish relation between group 

and particle veclocity. (See Unit-1. Papge35S.Q.34) 

Or 

What is Compton effect ? Explain Compton scattering, by dcriving the 

cxprcssion of Compton shift of wavelength with the help of a diagram. 
(See Unit-1. Pagpe 7.0.8) 


II 


Unit-II 

3.。 (a) Explain the formation ofinterference fringes by means ofa Fresnel'"s 

biprism whcn monochromatic source of light is used. 
(See Unit-TT Papge S6,Q.8) 
(b) Newton's rin8gs are observed normally in reflected light of wavelength 
5.89 * 10-5 cm. The diamecter ofthe 10th dark ring is 0.50 cm. Find 
the radius of curvature of the lens. (See Unit-T1. Pape 76. Prob.7) 

Or 
4. (a) What do you understand by double refraction ? Describe the 
construction，working and use of a Nicol prism. 

于 过 
(p) In a plane transmission grating the angjle of diffraction for the second 


wA* JWow, according to new revised syllabus ofR.GP.V.,itisnotincluded in syjlabus 
(5) 


Scanned with CamScanner 


269 


orderprincipal maxima for 入 = 5 x 103 cmis 30". Calculate the number 4 
of lines in 1 cm of the grating surface.(See Unit-11, Papge 103、 Prob.18) 

Unit-ITi 
1 
S.、 (a) Discuss construction and working of cyclotron. 放 击 
(b) ln a certain cyclotron.the maximumradius that thec path ofa dcuteron 
may have before it is defiected out of thc magnetic ficld is 20 cm 
Calculate the velocity of the deuteron at this radius. 


[Given : deuteron charge q = 1.6 x 10-19 coulomb and mass = 3.34 
x 10-27 ke]. 


守旧 
Or 

Give principle, construction and working of Geiger-Muller counter. 
而 轴 

本 (b) A GM. counter wire collects 108 electrons per discharge when the 
di counting rate is 500 counts/min. What will be the average current in 
the circuit ? 二 

Unit-IV 


Explain the“Kronig-Penny model” of solids and show that it leads to 
energy band structure of solids. (See Unit-IITL Page 129， Q.23) 


What is PN Junction Diode ? Explain the characteristics of PN junction 
under reverse and forward bias. In a PN junction germanium diode the 
reverse saturation current is 10-5 amp. at 27"C. What will be the forward 
current in this diode for voltage 0.2 volts across it ? (Given :e= 1.6 x 10- 19 
coulombs and k = 1.4 x 10- 人 ). 

Unit-V 
Differentiate between “spontaneous emission” and 'stimulated emission， 
of radiation. Obtain a relation between transition probabilitiecs of the two 
Explain the applications of lasers. (See Unit-IV, Page 186,Q30) 
Or 
What are Optical Fibres ? Describe the structure of a typical optical fibre 
used in practice. Define acceptance angle and acceptance cone in fibre 
optics. Derive expression foracceptance angle.(See UnieiN\ Page192,Q.44) 


(See Unit-IHII、Page 1S1， Prob.9) 


10. 


B.E. (First/Second Semester) EXAMINATION,June,201 


(Common for all Branches) 
ENGINEERING PHYSICS [BE-201(GS)] 


Note : ”Attempt all questions. Use standard values of physical constants 
wherever required. All questions carry equal marks. 
Unit-I 
1 (a) 


Obtain the expression for Compton shift in wavelength of incid 


radiation in Compton Scattering process. (See Unit-1. Page 10,Q.9) 10 
(bj) The momentum of an electron is 5 x 10-27 kg/s and is measured 


** NowW,according to new revised syllabus ofR.G.P.V.,itis notincluded in 
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6 (9) 

(b) 
了. 四) 

(b) 

SBS. (a) 

(b) 

9。 3a) 

(pb) 

10. (3a) 


Engineerirg Physics 


an accuracy of 0.003?6. Calcujatc uncertainty in dctermining the 

position of the clcctron-. (See Lnit-l Page-46.Prob.13) 4 
CO 

Deduce time dcpcndcnt and time indecpendent Schrodinger wave 

(See Unit-1, Pace 19.D.19) 10 


cquations, 呈 

Define phase and groupP vclocities- (See Unit-I Papge 30.D.27) 4 
Unit-II 

Discuss Newton's rings cxperiment and prove that the radius of nth 

dark ring is rn 工 Vn. (See Unit-ITL. Page 66.Q.18) 10 

Discuss Brewster's law-. < 汐 玉 | 


Or 
Write short notes on the following : 10 
(GD Diffraction grating (See Unit-IlL. Page 90.Q.38) 
和 


(iD Nicol prism 
Yellow light (人 = 5389 nm) illuminates a Michelson's interferrometer 
How many bright fringcs will be counted as the mirror is moved 


through 1 cm. (See Unit-I. Page 73. Prob-13)4 


Unit-IJII 
Explain in detail liguid drop model and various terms of semi-empirical 
mass formula. ws 
Briefnly discuss Geiger-Muller counter. 本 本 寺 
Or 


Explain construction and working of Bainbridge mass spectrograph-*~10 
Briefly discuss cyclotron. ww 拷 
Unit-IV 
Discuss salient features of Kronig-Penny model. 10 
(See Unit-IHI. Page 132.Q.234) 

Explain how complex Permittivity arises in dielectrics. 9S 大 
CO 


Write short notes on the following : 10 
(iD Effective mass (See Unit-IU .Page 132.Q.25) 


(ii) Superconductivity 
What are potential applications of Hall effects ? 了 
(See Unit-IIL Page 161.Q.S7) 
Unit-V 


Explain construction and working of any ome gaseous laser. 10 
(See Unit-iIV. Page 175.Q.15) 

Derive expression fornumerical aperture ofa step index optical fiber. 
(See Unit-IV. Page 193.Q.37) 4 


Or 
Discuss various types ofoptical fibers and loss mechanisms in optical 
但 bers. (See Unit-IV. Page 198.Q.s34) 10 


** ]Now according to new reyised syllabus ofR.G.P.V.itis notincljuded in syllabus 
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ER 
(o) Whatis population inversion in lasers and how is it achievecd 2? 4 
(See UnitIV Page 169 O 10) 


B.E.(FirsUSecond Semester) EXAMINATION,Dec.,2011 
(CommonforatlBranches) 
ENGINEERING PHYSICS [BE-201(GS)1 


Attemptjive questions in alt selecting ome question from each Unit. 
Al questions caTTY equal marks. 
Unit-1 
1 What is waVc packet? Define Sroup Velocity and phase velocity. Derive 
” the expression torthe de-Broglie Wavelength associated with an electron 
accelerated by the electric os V. (See Unit-l, Page35,Q.35) 
有 
State Schrodinger s time independent equation. Hence obtain expression 
forEigen function of particle in one-dimensional potential well ofinfinite 
height. (See Unit-1.Page21.Q.21D) 
Unit-1l 
3。、 (a) Interference fringes are produced by Fresnel's biprism in the focal 
plane of an eyepiece 200 cm away from the slit. Two images of the 
slit that are formed for each of the two positions of a convex lens 
placed between the biprism and eyepiece are found to be separated 
by 4.5 mm and 2.9 mmm respectively. If the width of the interference 
fringes be 0.326 mm, find the wavelength of light used. 
(See Unit-1l.Page64,Prob.7) 
(b) Give the theory of plane transmission grating with the help of a neat 
diagram. (Sec Unit-1L Page90,Q38) 
Or 
4 What is polarisation of light ? Distinguish betwecn plain, circularly and 
elliptically polarised light. Explain the terms plane of polarisation andplane 
of vibration. 2 


Nete : 


1 


Unit-III 
5。 Describe the construction and working of a cyclotron. Discuss its 
limitations. 均 
Or 


6。 Discuss the constmuction and working of Bainbridge mass spectrograph. 
生生 


Unit-IV 

T. What is Hall effect ? Derive a formula for density of charge carriers in 
p-type semiconductor, The Fermi level for potassium is 2.1 eV. Calculat 
thevelocityoftheelectrons atthe Fermilevel. (See Unit-IHLPage162， Prob. 直 

Or 
8. (a) Draw neat energy band diagrams of symmetrically dopped 呈 

junction when it is : 

录 Nowaccordingto new revised syllabus ofR.G.P.V.,itis notincluded in syllaby 
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(iD Unbiased (ii) Forward biased (iii) Reversed biased . 
(See Unit-TTT. Page 138.0-.30) 
(Pb) Current fowing in a p-n junction is 0.2 PhA at room tcemperaturc 
when a large bias voltage is applied. Calculatc the current when a 
forward bias of 0.1 V is applied. (See Unit-JII Page 149. Prob.34) 

Unit-V 

9. What do you understand by population inverson ? How is it achieved by 
optical pumping ? Explain how the above two Processes are realized in 
Ruby Laser ? (See Unit-TV. Papge 180.Q.21) 


Or 
10. What is meant by acceptance angle of an optical fibre ? Derive an 
cxpression for it. Optical power of 1] mW is launched into an optical fibre 
of length 100 m. If the power cmerging from the other end is 0.3 mW. 


calculate the fibre attenuation- 


(See Lnit-IV .Page 206. Prob.13) 


B.E. (First/Second Semester) EXAMINATION. June. 2012 
(Grading System) 
(Common for al Branches) 
ENGINEERING PHYSICS [BE-201(GS)] 


Note : There aretotal five Units and two questions in each Unit. i.e. total ten 
questions in this question Paper Attempt any five questions and one 
question from each Unit. All questions carry equal marks. 

Unit-i 
1. State and explain Heisenberg uncertainty principle. Dlustrate it with the 
help of an experiment. (See LUnit-I. Page 40.Q-39) 


Or 
2. Whatis Compton Effect ? Explaining the Compton shift expression. discuss 
the various possibilities of X-ray scattering. (See Unit-l1. Page 7.QS) 
Unit-II 


3. Describe Michelson's interferometer and how will vou measure small 
difference in wavelengths of two waves with Michelson's interferometer. 
Calculate the distance between the two successive Positions of a movable 
mirror of Michelson's interferometer Siving best fringes in the case of 
sodium light having lines of wavelength 5890 A and 5896 入 . 

(See Unit-I. Pasge 79. Prob.16) 
Or 

4. Explain Rayleish criterion of resolving power of optical instument Derive 
the expression for resolving power of diffraction grating. Calculate the 
number of lines per cm. on a Srating which will resolve the sodium light 
ofwavelength 5890A inthe second and firstorder (See Unit-IL Page 102. Prob.17) 

Unit-III 
5S. Describe the construction and working of a Betatron. Explain Betatron 


次 交 


后 
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0. 


7。 


Or 
Discuss the constmuction and working ofa Bainbridge mass spectrograph.** 
Unit-IV 
What is Hall Effect ? Show that Hall coefficient is independent of the 
applied magnetic field and is inversely proportional to current density and 
electronic charge. (See Unit-JIIL Page157.Q.S2) 
Or 
What is Zener Diode ? Draw the equivalent circuit of an ideal and actual 
Zener diode. What are its uses ? (See Unit-IUT Papge147.Q.4UD 
Unit-V 
Describe construction and working of Ruby laser with the help of a 
necessary diagram. (See Unit-IV. Papge 179.Q.20) 
Or 
What are optical fibers ? Explain how sglass fiber guides light from one 
end to the other Define acceptance angle of an optical fibecr. 
A glass clad fiber is made with core glass of refractive index 1.S and the 
cladding is dopped to give fractional index difference of 0.0005. Find the 
acceptancec angle of such fiber. (See UnitT\ .Page 204.Prob.10) 


B.E. (First/Second Semester) EXAMINATION,. Dec.,2012 
(Grading System) 
(Common forallBranches) 
ENGINEERING PHYSICS (BE-201) 


Note : (iD) Attemptfive questions in all selecting one qucstions from each unit 


3。 


(iD All questions carry equal marks. 
Unit-1 

(a) Explain the concept of wavc packet and give Mathematical proof of 

Heisenberg's uncertainty relation between energy and time. 
(See L nil-i Pause43.Q.41) 
(bj Write schrodinger time dependcnt and Time Indcpendent wave 
equation. Explain its physical significance and discuss the term in 
equation which is related with physical problem_. (See L nic-iL page27.Q.25)7 

Or 
(a) Anelectron is confined in one dimensional squarc well of length 0.4 
x 10-9m. Find the energy of panricle when its Eipen function has 
four antinodes and show that the particlc can ncver have energy 
equal to SO00 eV. [Given h = 6.63 * 10 3Jscc.m=9.13 - 10-31 kg]. 
fsSee 1 1.Page 38.Prob.10)6 
(b) Derive an expression of kinetic energy of recoil clectron in compton 
Scattering Why compton Scattering is obscrved in x-rays，not in 
visible light wavcs 2? (See Unit-lL. Page 10.Q.10)8 
Unit-1l 

(a) Describe Fresnel Bipnism. Discuss the effectof introducing thin mica 
i th of onc of the interfering beams in a experiment. 


w* Now, according to new revised syllabus ofR.G.P.V-itis notincluded in syllabus 
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(a) 


(b) 


(a) 
(b) 
(a) 


(b) 


Engineering Physics 


Deduce the expression for displacement of fringes. 10 
(See Unit-II. Page 60.Q.12) 

In a Newton's ring experimentthe diameterof Sh dark ring is reduced 
to half of its value after placing a liquid between plane. Glass plate 
and convex surface. Calculate the refractive index of liquid. 了 
(See Unit-1l. Page 77.Prob.10) 

Or 

Give construction and theory of plane transmission grating. Obtain 
an expression for resolving power of planec transmission grating. 10 
(See Unit-II. Papge 90.,Q.38) 

For a calcite，hu = 1.658 and he = 1.486 for sodium light of 入 = 5893 
和信. Calculate the minimum thickness ofquarter wavec plate for calcite. **4 

Unit-III 
IJMention sailent features of liquid drop model and cxplain various 
terms given in Bethe-Weizsackcr semi-empirical mass formula. **10 
Give applications and limitations of GM counter. 汉 和 
Or 

Give construction and working of Bainbridge mass spectrograph. If 
two isotopes of an clement with mass ml and m entcrs the mass 
spectrograph， what will be the ratio of the radii of thcir paths.** 10 


A cyclotron has magnetic field of 2 x 104 Gauss and radius of 85 

cm. Calculate frequencics of the alternating electric field that must 

be applied and to what energy proton and electron can be acceleratcd. 

[1 amv = 1.67 x 10-2?7kg, e = 1.6 x 10-19C] 和 
Unit-IV 


Draw periodic Potential observed by an clectron. Moving in onc dimensional 
crystal lattice. Discuss Kronig-Penney model proposed for periodic 
potential. Write shrodinger wave equation for such potential and discuss 
its solution. (See Unit-1TL Pape 132.Q.24) 14 


(3) 


(b) 


(a) 


Or 
What is Hall effect ? Deduce an expression for Hall coefficient of a 
solid and describe method for its determination cxpcrimecentally What 
important informations are obtaincd from its mcasurcmecnts ? 10 
(See Unit-1TL Papge 15S9.Q.SS) 
A currentof 1 hA flows in a copper strip of lecngth 10 cm and width. 
5 cm-. along its length. The strip in placcd in a_ magnetic ficeld of 
strength 3 x 10-6 weber/m2 perpendicular to its length. If Ri= 0.55 
x 1010 volt-m3/ampere weber find the Hall voltage developed in it. 4 
(See Unit-JTL Page 162, Prob.12) 

Unit-V 

Differentiate between spontancous and stimulated emission. 4 
(See Unit-TV, Page 164.Q.3) 


** JWNow according to new revised syllabus ofR.G.P.V.,itis notincluded in syllabus 


275 


(11) 


Scanned with CamScanner 


276 


Engineering Physics 
(b) How laser light is different from ordinary light ? Discuss the 
construction and working of He-Ne laser or CO， 1laser Write any 
two characteristics of these lasers。 (See Unit-IV, Page 178,Q.17) 10 
Or 
10. (a) Derive an expression forray dispersion in multimode step index fibers. 
(See Unit-IV. Papge 198.Q.S)6 


(b) Discuss the attenuation and dispersion in optical fibrc. 4 
(See Unit-IV, Page 197,Q.S2) 
(ec) Define and explain following terms for an optical fibrc. 4 


(D) Propagating modes. 
(Normalized frequency 


(See Unilt-1V. Pagpge 191.Q.42) 
(See Unit-INV .Pape 194.Q.48) 


B.E.201 
B.E. (FirstSecond Semester) EXAMINATION,June2013 
ENGINEERINGPHYSICS 


AttemptJive questions in all selecting one qucstion from cach unit. 

All questions carry cqual marks. 

Unit-i 
1 (a) State Heisenberg's uncertaintyprinciple and derive it from hypothetical 
gamma ray microscope. (See Unit-1. Papge 40.Q.39)7 
(b) Find the energy cigenvalues and correspondinge De Broglie's wave 
length associated with lowest three energy state of particle enclosed 
in one dimensional infinite potential well. 了 

Or 

2 (3a) Discuss the concept of wave function associated with particlc. Give 
examples ofadmissible wave function. Why derivaltive of wave function 
Should be continuous every where ? (SeeTnil-1 Page 27.0.24)7 
(b) Explain the term phase and particle velocity in contcxt with De 
Broglic's hypothesis. Prove that for a relativistic and non-relativistic 
particle, phase velocity is not cqual to particle velocity. 7 
(Seec Unit-1. Pape 36.O0.30) 

Unit-ITI 
3， (a) Give details ofexperimental arrangements to produce Newton's rings 
by reflected Sodium light. Prove that the diameter of bright fringe is 
proportional to the square root of add natural numbers. 10 
(See Unit-1 .Page 66.Q.10) 
(b) In a Michelson's interferometer 790 fringes cross the field of view' 
when the movable mirroris displaced through 2.33 * 10 怀 m. Calculate 
the wave length of mono chromatic light sourcec. 4 
(See Unit-11. Page 78. Prob.1S) 

Or 


4. (3a) Describe Fraunhofer diffraction due to double slit with necessary 


theory and discuss the intensity distribution. What are the conditions 
(12) 
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of missing orders ? (Sece Unit-JlL Page 87.Q.34) 10 

(b) For a glass to air the critical angle of refraction is 40?. Calculate the 

angle of Polarization for glass. 二 和 
Unit-TII 


(a) Describe construction and working of cyclotron. What are its 
limitations ? Show that the number of revolution particles takes inside 
the cyclotron is proportional to thc square root ofthe radius of Deces.** 10 
(b) What is mcantby the magic numbers ? Establish their existence with 
the help of nuclcar shell modecl. 2 克 
CO 
(a) What is mass spectrograph ? Describe the construction of Aston'"s 
mass Spectrograph with necessary theory. Show that it can be used 
in dctection of isotopes. 本 人 人 
(pb) In a 80 MecV bectatron, the radius of stable electron orbit is 32 cm. 
Find the valuc of magnectic field B at thc orbit for thec given Energy. 
Given [C = 3 x 108 m/s and e= 1.6 x 10-!19C] 和 
Unit-TV 
Draw E-K curve for an electron moving in periodic potential. Definc 
effective mass (m*) and prove that effective mass of an electron is given by 


2 
村 一 3 
(d2E/dK2) 
and cxplain its physical significance. (See Unit-1 Papge 132,Q.25S) 14 
Or 
Explain constructional working，with the heclp of I-V charactcristic for 
the following semiconductor deviccs (any two) : 14 
(aa) Tunnel diode (See Unit-1L Papge 147,Q.42) 
(b) Solar cell (See Unit-TTL Pape 153,Q.48) 
(ec) Photo diode. (See Unit-UL Page 152,Q.45) 
Unit-V 


Statce nccessary conditions for strong stimulatecd emission and in this 
refercncc. Explain Einstein'"s A and B cocfficients. Explain construction 
and working of Nd YAG or Ruby laser with encrgy level diagram. 14 
(See Unit-IV, Pape 183.Q.25S) 
Or 

(a) With the help of ray diagram，show how optical fibres can guide 
light waves. Derive an expression for angle of acceptancec of fibrc. 
What is meant by acceptance cone 2 (See Unilt-IV, Pape 191.Q.43) 10 

(b) A SmW laser beam passes through 26 km fibre of loss 0.2 dB/km. 
Calculate the power at the output end.(See Unit-TV, Pagpe206. Prob.13)4 


*w* Jowy according to new revised syllabus ofR.G.P.vV.,itis notincluded in syllabus 
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Note : 
1 (a) 
2。 (3) 
(D) 
3 .人 a) 
人) 
4 (3) 
(人 D) 
SS. (3) 
(b) 
6。 (3a) 
(b) 
7 (3a) 
(b) 
8 (3) 


Attemptone question frorm eacn unit. All questions carry equal marks. 
Unit-1 
State and explain Heisenberg'`s uncertainty Principle. Discuss an 
experimental illustration of it (See Unit-1. Page 40.Q.39)7 
(b) An X-ray photon of wavelength 0.4 A is scattered through an 
angle 45” by a loosely bound electron. Find the wavelength of the 
scattered photon. 癌 (See Unit-I. Page 12. Prob.5)7 
T 
Derive Schrodinger time-independent equation for matter wave，7 
(See Unit-I, Page 18,Q.18) 
Obtain expression ofenergy levels forparticle trapped in one dimensional 
square with infinitely deep 让 well. (See Unit-l, Page 20,Q.20)7 
nit-II 
Describe the construction and working ofMichelson's interferometer 
Explain the principle of formation of circular fringes. 7 
(See Unit-I, Page71,Q.20) 
Discuss working of Nicol prism as polarizer and analyser. yl/ 
Or 
Obtain an expression for maxima and minima due to diffraction of 
light by single slit. (See Unit-U. Page 80,Q.30)7 
A plane transmission diffraction grating has 45000 lines. Determine 
its resolving power in the second order for wavelength of S000 A. 7 
(See Unit-1, Page 103, Prob.20) 
Unit-III 
Explain the postulates of the liquid drop nuclear model. 间 负 人 
Discuss the working of betatron and obtain the relation for betatron 
condition. * 二 了 
Or 
Describe the construction and working of Bainbridge mass 
Spectrograph- 二 了 
A GM. counter wire collects 108 electrons per discharge. When the 
counting rate is 500 counts/minute. What will be the average current 
in the circuit ? 内 克 了 
Unit-IV 
Describe the behaviour of an electron in periodic potential using the 
final expression ofKronig-Penney model.(See Unit-IIT Page129， 2 
What is superconductivity ? 0 Ieissner effect- 


Discuss the basic operation 让 characteristic of a solar cell with 
necessary diagram. (See Unit-IIL Page 153,Q.48)7 
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Explain diejlectric loss. Obtain an expression forloss tangent of it ** 7 
Unit-W 

9. (3a) Discuss construction and working of He-Ne laser with energy level 
diagram. fSee Lnit-JV .Page 17S. Q.I1S) 

(bp) An SI optical fibre of diameter 55 hm has a numerical aperture of 
0.23. Ifthe wavclecngth ofinput lightis 0.82 hm. determine the number 

of modes of the cable-. fSee Unit-IV. Page 201. Prob.2)7 

Or 

Obtain the relation between the transition probabiljties of Einstein"sA 
and B coeficient. (See LCnit-IV. Page 165.Q.5) 7 


(b) Write a short note on different loss mechanism in an optical 和 bre. 7 
fSee Lnit-Iv- Page 197.Q.S3) 


也 -- 201 
也.. (FirstSecond Semester) EXANMIDNATION, Joune2014 
ENGINEERIINGPHYSICS 


Note : (il) Answer five questions. In each question Part A,，B，C is 
compulsory and D part has internal choice- 

(ii) All parts of each question are to be attempted at one Place- 

(iii) All questions carry equal marks, outof which partAand B CQMax. 
50 words) carry 2 marks，part C (Max. 100 words) carry 3 
marks，part D (Max. 400 words) carry 7 marks- 

(iv) Except numericals, Derivation、 Desisn and Drawing etc-. 

Unit-I 
Show that group velocity less than the phase velocity in dispersive 


1. (3) 
medium. (See Unit-I. Page 33. Q.30) 2 
(b) What do you understand by normalization and orthogonal wave 
fsSee LUnit-I. Page 1s.Q.13)2 


function 2 
Calculate the uncertainty in momentum ofa proton which is confined 


(c) 
to nucleus of radius 10-3 cm. From this estimate the kinetic energsy 
of the proton inside the nucleus. (See Lnit-1. Page 48. Prob.18)3 
Derive an expression for compton shif and wave length of scattered 
photon. Explain why compton shift is not observed with visible light2 7 
(See Unit-1. Page 11.Q.11) 
Or 
Obtain energy level and wave function expression fora particle tapped 
in infinitely deep square well potential. (See Unit-I1. Page 20.Q.20) 
Unit-II 
2. (a) Explain the formation of colours when the white light is incident on 
a transparent thin 和 lm. (See Unit-IIL. Page SS8.Q.10)2 
(b) Explain how double refraction phenomenonto produce plane polarized 
light and circularly polarized light. 轩 帮 全 
(ec) In a grating the sodium doublet (5890A. 5896A) is viewed in third 
** Jovw according to new revised syllabusofR.G.P.V.,itisnotincluded in syllabus 
(15) 
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orderat30?to thenormaland is resolved. Determine the grating spacing 
and the total width of the rulings. (See Unit-1L Page 10S, Prob.23)3 
(dj) Describe construction and working of Michelson'"s interfcrometer 
with neat diagram. How it can be used to determine the wavcelength 


of monochromatic light ? (See Unit-1T. Papge 73,Q.22)7 

Or 
Derive an expression forintensity distribution due to fraunhofer diffraction 
at a singlec slit. (See Unit-1l. Page 83,Q.31) 


Show that the intensity of the first secondary maxima is about 4.5% 
of that of the principal maxima. 
Unit-11I 
3。 (a) Explain the volume encrgy and surface encrgy tcrm of semi 本 
mass formula. * 2 
(b) Write the necessary condition required for operation of linear 


accelerator. 】 
(ec) Discuss uses of mass spectrograph. ww 3 
(d) Describe construction and working of Betatron with ncat diagram. 
Also derive the relation for Betatron condition. ay/ 

Or 


Explain the working of Geiger Muller counter. Estimate the average 
current in circuit when GM counter collect 108 electrons per 0 

at the counting rate is 460 counts/min . 

Unit-IV 
4 (a) Explain effect of temperature on Fermi Dirac distribution. 2 
(See Unit-111 Page 11S,Q.S) 
(b) Explain the zener action ofzener diodec. (See Unic-1L Page 146.Q.37)2 
(e) Show that Hall coefficient is independent of applied magnetic field 
and is inversely proportional to the current density and electron charge.3 
(See Unil-1 Pape 1S8.Q.S3) 
Describe the behaviourof an electron in periodic potential using final 
cxpression of kronig penney model and explain the formation of 
energy bands. (See Unit-1L Pape 1290.Q.23)7 
Or 
Explain meissner cffect of superconductors. Discuss type 1 and typPe 
J superconductors. 


(d 


二 


Unit-V 
5。 (a) Explain how stimulated emission is essential for lasing action， 和 
(See Unit-IV. Pape 165.Q.4) 
(bj Writetheadvantage ofmultimode fibers overthe single mode fibers.2 
(See Unit-1V. Page 190.Q.39) 
(ec) A multimode fiber has a core diameter of 70 hm and the relative 
refractive index difference of 1.5 percent. lt operate at the wave 
length of0.85 hm. The refractive index of the fiberis 1.46. Calculate 


*# Now,according to new revised syllabus ofR.GP.V.,itis notincluded in syllabus 
(16) 
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(D) 


(c) 


(d) 


2 (ah)》 
(b) 
(ce) 


cs 
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(iD The refractive index of the cladding 
(iD The normalized frequency V-number ofthe fiber and 3 
(iii) The total number of guided modes in the fiber. b.12) 

(See Unit-IV Page205, Pro 


Describe the construction and working of He-Ne laser with ce 7 
level diagram. (See Unit-IV. Page175， Q. 
Or he delay 


Explain intermodal dispersion. Derive expression for t 
difference to estimate the maximum pulse broading in tm 
index fibre- (See Unit-IV, Page 199- 


e in stcP 
Q.56) 


B.E. (First/Second Semester) EXAMINATION, Dec-2014 
ENGINEERINGPHYSICS (B.E.201) 


(D)， Answer five questions. In each question part A，B， 如 中 
compulsory and D part has intcrnal choice. 
(ii) All parts of each question are to be attempted at one Place- 
(iiD All questions carry equal marks. outofwhich partAand 了 BB 人 
50 words) carry 2 marks，part C (Max. 100 words) carry 
marks，part D (Max. 400 words) carry 7 marks-. 
(iv) Except numericals, Derivation, Design and Drawing etc-. 
Unit-i 
What do you understand by wave function， discuss its physical 
significance ? (See Unit-1 Page 26、 Q.23) 
Statc and explain Heisenberg"s uncertainty principle-. Explain 
diffraction of electron beam by a single slit to illustrate this principle- 
(Sece Unit-1. Panpe 45、 Q.47) 
The uncertainty in measuring the speed of an accelcrated clcctron 1S 
1.2 x 105 m/s. Calculate the uncertainty in finding its location, while 
it is still in motion. Given h = 6.626 x 10-34 Js and Mass of elcctron 
= 9.31 x 10-3! kg. (See Unit-i. Page-47. Prob-17) 
What is meant by operators ? Obtain an operator for the cncrgy“E”， 
momentum “P”and use them to obtain Schrodingcr wave cquation- 
(See Unit-1. Page 16.Q.16) 


Or 
Define particle velocity, group velocity and phase velocity and derive 
the relation between them. (See Unit-L Page34,.Q.33) 
Unit-II 


Explain thec difference between interference and diffraction of light-. 

(See Unit-II. Page 80.Q.29) 
State Brewster'"s law and prove that at Brewster's angle the reflected 
and refractcd rays are perpendicular to each other. 和 
In Newton's rings experiment the diameter of 15th dark ring was 


w** Now according to new revised syllabus ofR.G.P.V.,itis notincluded in syllabus 
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(d) 


3 (3a) 
(D) 


(c) 


(d 


4， (3) 
(b) 


(ec) 


(d) 


SS， (3) 


found to be 0.59 cm and that of the 5u ring was 0.336 cm. If the 
radius of curvature of plano-convex lens is 100 cm. Calculate the 
wavelength of light used. (See Unit-il Page 76, Prob.9) 
Explain the formation of Newton s ring in reflected light. Prove that 
inreflected light De Vn and D' < V2n 一 1 where Duand DY is 
diameter of dark and bright ring respectively. 
(See Unit-I Page 67,Q.10) 
Or 
Discuss the phenomena of Fraunhofer diffraction at double slit, Derive 
thecondition formaxima and minima fordouble slit diffraction pattern. 
(See Unit-H .Page 86,Q.33) 
Unit-III 
Why do we say that the nucleus behaves like a liquid drop ? 让 
What do you understand by mass defect and binding energy wi 
Tespect to the nucleus ? 夫 兴 
The radius of Cyclotron dee's is 40 cm and magnetic field is 1.5 Wb/m2. 
What is the maximum kinetic energy of beam of proton accelerated 
by the Cyclotron ? Given mass of proton = 1.67 x 10-27 kg and 
Charge on Proton = 1.6 x 10-19 C. 灵 帮 
Explain construction, principle of working and limitations of LINAC . 
In LINAC show that the length Lof the nth drift tube is proportional 
of wan . 本 
Or 
Discuss the construction and working ofCyclotron with neat diagram. 
Derive and explain resonance condition. 人 和 
Unit-ITV 
Superconductor is a perfect diamagnetic. Explain briefly. 证 烙 
What is Zener breakdown ? Explain briefly. 
(See Unit-1i Page 144,Q.35) 
A n-type Semiconductor specimen has Hall cocfficient RH = 3.66 >x 
10-4 m3/C. The conductivity of specimen is found to be 112 ohmzr! 
mr-1，Calculate the charge carrier density and electron mobility at 
room temperature. fSee Unit-TT1L .Page 162. Prob.13) 
Whatis Hall effect ? Deduce expression for Hall coefficient and Hall 
voltage of a solid. What important information's are obtained from 
its measurement ? (See Unit-10. Page 160,Q.50) 
Or 
State and explain the terms dielectric polarization and Gauss's law. 
Derive the interrelationship between 互 ,P and 万 vectors. 
Unit-V 
Whatis meantby stimulate emission ? Explain the basic condition in 
which stimulated emission dominated 


w* Now,according to new revised 了 8 ofR.GP.Vitisnotincluded in syllabus 
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(b) Differentiate between Step Index and Graded Index optical fiber cable. 

fsSee Unit-IV. Page 190.Q.38) 
(ec) Aglass clad fiberhas cladding refractive index 1.49925 and fractional 
refractive index of 0.0005. Determine the critical internal reflection 
angle. (See Unit-IV. Pagec 202. Prob.34) 
Explain the construction and working ofRubyLASER with necessary 
energy level diagram. (See Unit-IV, Page 179. Q.20) 
Or 


Describe the construction ofan optical fiber Explain the principle of 
propagation of light waves within a fiber Define acceptance angle， 
acceptance cone and numerical aperture. (See Unit-1V. Page 192.Q.45) 


了 .FE. TSc II SemesterEXAIMINATION,Jone2015 
ENGINEERINGPHYSICS (BE-201) 


Note : (iD Answer five questions. In each question part A,，B，C is 
compulsory and D part has internal choice. 
(ii) All parts of each qucstions are to be attempted at one Place. 
(iii) All questions carry equal marks，out of which part A and B 
(Max. S0 words) carry 2 marks, part C (Max. 100 words) carry 
3 marks，part D (Max. 400 words) carry 7 marks. 
(iv) Except numericals, Derivation、 Design and Drawing etc. 
Unit-I 
1. (a) Discuss the conceptofde-Broglie matter waves.(See Unit-l Papged4.Q.3) 
The uncertainty in the location ofa particle is equal to its de-Broglie 


(b) 
wavelength. Calculate the uncertainty in its velocity. 
{See Unit-L Papge43.Q.44) 


(gd) 


Discuss the concept of probability density. 


(c) 
Also define the wave function 由 . (See Unit-1 Papge 14.Q.12) 
(d) What is Compton effect ? Obtain an expression for the shift in 
wavelength of X-ray beam. (See Unit-1. Page7.Q.8) 
Or 
Deduce schrodinger time independent wave equation. 
(See Unit-1. Pagce 18.Q.18) 
Unit-II 
2. (a) Discuss difference between interference and diffraction of light. 
(See Unit-i1 .Page80,Q.29) 
澳 册 


(b) What is Brewster's law ? 
A plane transmission grating having 6000 lines/cm. is used to obtain 


(c) 
aspectrum of light from a sodium lamp in the second order Calculate 
the angujlar scparation between the two lines whose wavelengths are 
5890 A and 5896 人 A. fSee Unit-IL Page 10S. Prob.24) 
(d) Explain the working of Michelson'”s interferometer How will you 
produce circular fringes with it ? What is the use of compensating 


** JIVow according to nevw revised syllabus ofR.G.P.V.,itis notincluded in syllabus 
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Plate ina7 fsSee Unit-T1 Poee 71.0.2W) 
Or 
iDeserihe the conxtmoction of a Nicol-Prism and show how it can be 
WUsed as a Poelanizer or as an analyscr. we 


LUnit-111 
3、1a) Why do wec say that a nuclcus hechaves likc a drop of liquid ? 本 全 
人 hb) In a cerain betatrons. thc maximum magnctic ficld at the orbit was 
034 Nbma: operating at S0 Hz with a stable orbit diametcr 1.524 m. 
Calculatc the final energy of the electrons. 全 全 
te) Discuss the limtations of a cyclotron. ee 
(四 Explain thc pnnciple and working ofan Aston's mass ectoEFeDE 
Denve the condition for its focussing. 
Or 
Descrnibe construction and working of Gciger-Mullcr counter 。 ** 
Unit-IV 
4. 1a) Define n-type and p-type extrinsic silicon scmiconductors. 
(See Unit-1T1. Papge 120.Q.1S) 
人 bj Whatis thec difference betwecn a solar cell and a photo-diode. 
(See Unit-11 .Page 156.Q.49) 
《cj Explain the operation ofZenerdiodc in the forward and reverse biased 
condition. (See Unit-i111. Pape 146.Q.37) 
tdj Whatis Hall-effect ? Obtain an expression forthe Hall voltage. Name 
the applications of Hall effect. (See Unit-1U1. Page 161.Q.58) 
Or 
Write short notes on Type-I and Type-II superconductors. 
Unit-V 
S. (a) Write any two characteristics of laser。 (See Unit-IV. Papge 184,Q.27) 
(pb) Calculate the numerical aperture and maximum acceptance angle of 
an opitical fiber from the following data hi = 1.55 and hb = 1.50. 
What are the values of (N.A.) and max acceptance angle when the 
fiber is kept in water (h = 1.33) ? (See Unit-IV.Pnge203.Prob.6) 
(cj Discuss the applications of optical fiber(See Unit-IY、 Page 199、 Q.S7) 
(dj Discuss working of CO laser What is the role of N> in CO: laser. 
(See Unit-iV, Page 177.Q. 16) 


- 


奉 本 


Or 
Name the various types of optical fibers. Discuss the single distortion 
in optical fiber. (See Unit-IV.Page195.Q.S0) 


Note : Attempt any five questions. All questions carry equal marks. 
1. (a) _Deduce Maxwell's equation forfree space (See Unit-V, Page 251,Q.39) 
3 Now, according to new revised 和 R.GP.V.,itis notincluded in syllabus 
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and provc thal the cjcctrornagmctic waVCS 27c tT2TISVCTSC 后 
Statc and prove that stokc 's thcorcrm (See 1 pie-V Pace 231.0.39) 6 
What do you mean by jascr and its working PrincrpIc，rmportane 
rcquliremecnts and applications 7 fSee 1 pi-f1Vv .Pase 1364. (116 
Explain with the hclp of a ncat diagzzam thec principic and working of 
a Hec-Nec laser. fSee L ni-1VY. Page 1735.0.1316 
Describe schcmatically thec basic cjcmecnt of optical 和 becr 
communication Systemn. fsee 1 pit-fVY .Page 2096.0D.358)16 


fb) What are optical fibers 7 Give their classiffcation- 6 
fsSee 1 pie-IV .Page 5199. (0.37) 


4. (a) Derive time depending schrodinger wave cquzstion- 6 
fSee L nir-1. Pace 16.O.I7T) 
(b) Define Phase velocity and group velocity。 Show tbal for non- 
relativistic free particle the Phase velocity i half of 由 c Spap veciociry-. 
fsSee 1 nie-1 Pace 32.D.23)6 
Explain the mathematical treatment of Newton's rings. Describe an 
experiment to determine thec refractive index of jiquid with tc heip 
of Newton's rings. fSee L nit-11 Page 69.O.17)6 
What do you undecrstand by the resolving Power of Easting ? Derive 
the necessary cxpression. fsSee L nit-IL Page 97.Q.446 
6. (a) Whatis mcant by fill factor ofa solar cell and what is ixs sisnificance? 
(See Lnit-ITL Page 156.Q-s1)6 
(b) Explain the V-I characteristics of zener diode-. 6 
fsSee L nis-D3. Paze 14s.Q-36) 
How doces a nucleus behavec like a liquid drop ? Srare rhe posrujates 
of liquid drop model and point out the success and unsuccess of this 
model. ~ 6 
(b) What are the difference and similarities berween nucilear fission and 
nuclear fusion ? "6 
8. Short notc (any two) 62-6= 12 
(a) Crystalline and amorphous solids 
(b) Enersgy band in solid 
(ec) Hall effect 


(gd) 


1 
口 
一 


xzw Iluestlons- xl qucsutons cary equal rarks- 
昌 ”ns equations in differential and intesral forms- 
(See Unit-V. Pase 2S0.Q._3S) 


(D) Obtain the divergence of following function 一 
:NImwW according to new revised syllabus ofR.GPVL itis notincluded in syilabus 
(21) 
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7. 


一 训 二 R 
f(r) =3xi+2y2j+6z3K 志 
(a) Explain the construction and working of a He-Ne laser with energy 
level diagram. (See Unit-IV .Page 175.O.15) 


(b) Give four majorpropertics ofa laserlight. (See UnitIV. Papge 184.Q.27) 
(a) Derive the expression for numerical aperture of a step-index optical 
fiber. (See Unit-IWV Page 193.Q.47) 
(b) Obtain the V-number and number of modes supported by a step- 
index optical fiber having core index 1.48, cladding index 1.46 and 
the source wavelength 1.2 hm. (See Unit-TV. Page 20S. Prob.11) 
(a) Derive the expression for compton shift in a compton scattering 
Process. (See Unit-1L. Papge 10.Q.9) 
(b) Explain Heisenberg's Uncertainty principle. (See Unit-il. Page43.Q.40) 
(a) Derive the conditions for maxima and minima in interferencc oflight 
reflected from a thin film. (See Unit-11. Papge 62.Q.14) 
(b) Enlist four differences between interference and diffraction . 


(See Unit-Ti Page 80.Q.29) 
(a) Explain hall effect and derive expression for hall mobility. 


(See Unit-IIIL Page 159.Q.s54) 

(b) Explain V-I characteristics of a photovoltaic cell. 
(See Unit-1iiL .Page 156.Q.50) 
(a) Explaintheliquiddropmodelforanucleus and various energyterms therein.** 
(pb) Differentiate between nuclear fission and fusion processes. 二 


了 B.E.(AllBranches)ISemesterEXAMINATION,Dec.2016 
Choice Based Credit System (CBCS) 
PHYSICS [PH-110] 


_Note : (D Attempt any five questions. (ii) All guestions carry equal marks 


Discuss Maxwell'"s equations in integral and differential form. 


(See Unit-V, Page 250.Q.38) 
Explain construction and working of a Ruby lascer. 
(See Unit-IV Pape 179.Q.20) 
Explain pulse dispersion in a step-index fiber(See Unit-IY Popne 195.Q.S1) 
Derive expression for compton shift in compton scattering process. 


(See Unilt-1.Pape 10.Q.9) 
Explain Newton's rings experiment. (See Unilt-1il Pape 67,Q.16) 
Give workingofZenerdiode and Photo diode. (See Unit-UL Paype 153.Q.46) 
Explain salient features of liquid drop model for nucleus. 学 齐 
Write short notes on 一 
(a) Uncertainty principle (See Unit-1. Papge43.Q.40) 
(b) Hall effect (See Unit-1TL Pagpe 15S7.Q.S2) 
(c) Coulomb's law. (See Unit-V, Papge 208.Q.6) 


**INVow, according to new revised syllabus ofR.G.P.V.itis notincluded in syllabus 
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PHYSICS [PH-110|] 


Note : (D Attempt any fivc qucestions. (ii) All questions carry equal marks 


2、 


(a) 
(b) 


(c) 
(a) 


(D) 


(9 


(a) 
(b) 


(5) 


(9) 
(b) 


(o) 
(3) 
(hb) 
(ec) 
(3a) 
(D) 
(5) 
( 引 ) 
(b) 
fc) 


(二 
({bD) 


Define the gradicnt of a scalar ficld. 
State and prove the Gauss's divergence theorem， 
(See Unit-V, Page 227, Q.25S) 
State and prove the maxwellh's equations of electrodynamics， 
Write down the main properties of LASER. 
(See Unit-IV, Page 184.Q.27) 
Calculate the numerical aperture and acceptance angle for an optical 
fibre，given that refractive index of the core and cladding are 1.45 
and 1.40 respectively. (See Unit-I\, Page 203, Prob.7) 
Describe the working of Ruby LASER with energy level diagram. 
(See Unit-IV Page 179,Q.20) 
Definenumerical aperture in optical fibre. (See Unit-IV, Page 193.Q.47) 
Discuss fibre dispersion in step index fibre. 
(See Unit-IV, Page 195.Q.51T) 
Write downtherole ofeachblockusedin optical fibre communication 
System. (See Unit-IV, Page 200,Q.58) 
Define black body radiation. 汪汪 
Explain the formation of discrete energy levels by analysing particle 
in a box. 本 
State and prove the heisenberg uncertainty principle. 
(See Unit-1, Page 40.Q.39) 
Differentiate between division ofamplitude and division ofwavefront. 
(See Unit-1T Papge 33, .5S) 
Write down the experimental detail of Newton's ring to find the 
wavelength of light. (See Unit-1l Page 67.Q.16) 
Deduce the expression for the resolving power of the grating. 
(See Unit-1l Papge 97.Q.44) 
Differentiate between crystalline and amorphous solids， 宙 和 
Discuss the band theory of solids. (See Unit-1U Pange 109.Q.2) 
Explain hall effect, Obtain the expression for hall coefficient. 
(See Unit-lll bape 157.Q.S2) 
Explain the composition of nucleus. 要 
What are the difference between nuclear fusion and fission ? 
Discuss the liquid drop model of nucleus， 
Define fermi level ofa semiconductor (See Unit-UL Page 120.Q.134) 


Jf= 3x2y- y2z2. Find the value of grad 中 at the point (1, -2, 一 1). 


冰冰 
于 阔 


和 
1#Now,according to new revised syllabusofR.GP.V,itis not included in syllabus 
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(ec) Deduce the schrodinger time independent wave equation. 
(See Unit-l 
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B.Tech., First Semester EXAMINATION,Dee. 
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2017 


Note : (D Atempt any five questions、 
(in All questions carry equal marks. 


(ii In case of any doubt or dispute the English version questi 
should be treated as final. stion 


1. (a) Establish relationship between particle and group velocsitics， 

(See Unit-l Page 33、 Q31)) 
(b) Explain Compton scattering. (See Unit-l Page 10、 Q9) 
(a) Derive time independent Schrodinger Wave equation. 


2 


(See Unit-l. Page 18， QI 


(b) Explain working of Nicol Prism. 6 
3. Explain in detail the Newton's rings experiment. 
(See Unitll Page67.Q.16014 


4. (a) Explain working of a cycloron， 


来 于 》 

(b) Discuss Brewester's law-. oa 

s。 (a) Explain working of Bain bridse mass spectrograph. 0 
(b) Write anote on Zener diode. (See Lnit-1ll Page 14S.Q.36014 

6. (a) Discuss Kronig Penney model. (See Unit-lll. Page 132.Q.4I8 
(b) Explain Hall-e 人 ectL (See Unit-lll. Page 137.Q.S216 

7. (aj Explain Meissners effect for superconductivity. 由 了 


(b) Explain basic properties of Laser light.(See LnitIV Pase 1S4.Q277 

8， (a) Explain working ofa Rubylaser (SeeLniCly Pasel79Q207 
tb) Derive expression fornumerical aperture of an optical fiber, 

(See Unit-lV Page 193.Q.47)7 


4 


